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ABSTRACT
The purpose of this paper is not to produce a
comprehensive contingency plan for the education and
training programme in the Regional Maritime Academyof
Abidjan in Cote d'Ivoire. But considering the importance
of water treatment in the ship operation. I would like to
focus the attention of the administration of this
Institution on the need of a water treatment laboratory
within the facilities ofthe Academy.
Chapter 1 gives possibility to the reader of this paper to
understand the main reasons why I decided to write on this
important topic.
Chapter 2 describes the different types of water used on
board; their physical and chemical characteristics. The
knowledgeof these characteristics is very important.
Because in the engineering point of View it helps for a
good understanding of some thermodynamic phenomena and
chemical reactions.
Chapter 3 deals with some selected water purifying methods
which are commonlyused on board. Of course. there are
some other purifying methods which axe not discused in
this paper. For more details. refer to the
" Water Treatment Handbook
Fifth Edition
A Halsted Press Book
John Wiley 8 Sons"
Chapter 4 focuses on Boiler and feed water treatment. Many
reports on boiler water treatment explain that the non­
existence or the improper boiler water treatment can lead
to damages and even to boiler explosion. Therefore. a
particular attention must be draw on water production.
water testing. and chemicals adding.
Cooling sea water and all the problems related to sea
water are dealt in chapter 5.
Chapter 6 looks out on main engine and auxiliary engines
cooling fresh water treatment. The ship board staff must
be well trained in order to be able to conduct properly
the tests. They must also be aware of the danger
represented by the chemical used in a certain
concentration.
Chapter 7 gives a conclusion and recommendations for the
establishment of a water treatment laboratory in the
Regional Maritime Academyof Abidjan in Cote d'Ivoire. In
order to be able to follow the trend of the new technology
all the aspect of engineering must be taken into
consideration. There is no need to neglect an important
matter such as water treatment.
Note:
Reference books are listed at the end. If there are any
omissions. it is an over sight or an inability to identify
the primary source.
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CHAPTER 1: INTRODUCTION
Most of the failures that occur to ship machinery
are, in a certain extent, generated by troubles in the
water system.
The importance of effective operational maintenance
and water treatment procedures for boiler was I'ecently
underlined by three serious auxiliary boiler explosions
reported to the UK Department of Transport; two cases
resulted in loss of life.
In each accident the boilers contained a large amount
of water and were between 10 and 15 years old.
Post-explosion investigations revealed that all had been
suffering for some time from general corrosion and pitting
on the waterside. In two cases, large cracks had developed
from small crevices next to welding seams in the shell
plating because of high oxygen content in the boiler
water.
A special examination of such boilers was
subsequently carried out. In a number of cases,
cracks/fractures were found in the lower section of the
water space in way of the main circumferential seam and
downcomers, and in the way of the nozzle connections and
burner throats. It appeared that the cracks/fractures were
the result of a corrosion fatigue mechanism, where a
corrosion environment had a significant effect in
conjunction with fatigue stress.
The probable causes cited were ineffective boiler
water treatment, the open feed system and low feed
temperatures. Therefore, on board, production and the
maintenance of water must be given a particular attention.
Shore water can be used as drinking water and for sanitary
purposes. but this water is not convenient for the boiler
and cooling water systems because it contains dissolved
particles and gases. These can be at source of scale
formation and corrosion initiation leading to many
troubles and failures.
To minimize these undesirable consequences on ship
machinery, the water used for cooling and boiler systems
must be clean. The cheapest way to obtain clean water on
board is by distillation, demineralization, and de­
aeration, even though it still contains, in small amounts,
someparticles. In fact, it is practically impossible to
remove 1002 of the particles.
The main objectives of mythesis are:
(i) to show how .fresh water is obtained on
board ships by using sea water as a raw
material,
(ii) to describe the most important problems
which occur to the ship machineries due to
improper maintenance of water systems on
board,
(iii) to highlight some methods used on board to
improve the water quality and therefore
minimize the risk of failure due to water
contaminants.
(iv) finally, to recommendthe establishment of
a water treatment laboratory in the
regional maritime academy of Abidjan in
COTE D’IVDIRE.
The part of shipboard water treatment which deals
PJ
with oily water separation will not be discussed in this
paper. For those who would like to read on oily water
treatment they can simply refer to Regulation 16 of
MARPDLwhich talks about "oil discharge monitoring and
control systems and oily water separating and oil
filtering equipment".
The idea to write on boiler and cooling water
treatment comes from the fact that manypeople ignore how
fresh water is generated from sea water and the importance
of the proper use of water to minimize total running
costs.
It is, in my opinion, important to know where the
water used on board comes from, how it is helpful for the
maintenance of the whole ship, and what are the particular
precautions taken to maintain its qualities as long as
possible irma closed loop circulation system in order to
reduce scale formation and corrosion damages, to avoid
cracks/fractures or, in the extreme case, explosions.
Nowadays ships have become more and more expensive,
therefore it is quite essential to carefully study one of
the factors that can influence running costs.
The subject is very broad; my intention is not to go
deeply into all the details,_re1ating to physical and
chemical aspects; neither do I want to deal with a lot of
chemical formulas that will confuse me and the readers of
this document. I would like to simply explain some of the
main points which could help someone to Lmderstand why
water treatment is undertaken on board.
1-1 Background of water Treatment
At the very beginning of navigation very little
attention was paid to water conditioning in early marine
boilers, because these boilers operated with low pressures
and low ratings. There was accumulation of scale but no
loss of tubes because the boilers were frequently cleaned.
Furthermore, dissolved oxygen corrosion was not recognized
until operating pressures began to rise. It was general
practice to install zinc plates to minimizecorrosion and
various alkaline chemicals, usually soda ash or sal soda,
were sometimes added to the boiler water. Little or no
testing was done to control their addition. In 1900 a
French Navy method for preventing corrosion consisted of
using lime for maintenance of a slight alkalinity in the
boiler water. This method was followed by the British
Navy in 1935. But this method was not effective because
the alkalinity was too low to prevent corrosion and it was
feared that any increase in alkalinity would result in
calcium hydrate scale. Lieutenant CommanderFrank Lyon in
his pioneering work on water treatment, begun in 1909,
directed his attention primarily to corrosion protection.
Numerous commercial boiler compounds were offered as cure­
alls, but usually served to provide boiler water
alkalinity and had little or no effect on scale formation.
Today, however, with the trend in marine boiler operation,
following power stations ashore, toward higher pressures,
larger units, and higher ratings, it has becomenecessary
for designers and operators in the marine field to
seriously consider the question of water conditioning and
related problems of boiler water operation. This includes
prevention of corrosion through the steam: water cycle,
maintenance of satisfactory steam quality, prevention of
scale formation not only in the boiler but in the
preboiler and postboiler equipment, and control of the
quality of the make-up feed water. Later on, these
subjects will be discussed and consideration will be given
to the operation of certain equipment in the feed cycle
which affect the quality of the feedwater, such as water
tanks, filters and grease extractors.
Evaporators, condensers, and feedwater heaters, the
design and operation of which may have an important
bearing on water conditioning results, will be more fully
discussed in subsequent chapter.
CHAPTER 2: DIFFERENT TYPES OF WATER USED ON BOARD:
THEIR PHYSICAL AND CHEMICAL CHARACTERISTICS.
Figure 2-1 shows the overall hydraulic water cycle.
The highly contaminated sea water continuously evaporates
into the atmosphere as pure distilled water leaving behind
the dissolved and suspended solids. Of course, some
atmospheric pollutants dissolved in the water vapor as it
collects into cloud -Formations. Ultimately the water picks
up additional contaminants as it -Falls to the earth as
rain.
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Figure 2-1: Overall Hydraulic water cycle
2-1 Different Types of water used on Board
Water in its Natural Form
Water, in its pure state, is a chemical compound.It
is a colorless, tasteless and odorless liquid, madeup of
one part by volume of hydrogen, and two parts of oxygen,
or one part by weight of hydrogen and eight parts of
oxygen. It is designed by the chemical symbol H20. Water,
in its natural state, is never found absolutely pure. It
has a solvent action of wider range than any other liquid,
and this action is affected by its temperature. The
solubility of sodium chloride (commonsalt) in water
increases with rising temperature, as does that of
magnesiumsulfate, while the solubility of sodium sulfate
increases with temperature up to about 60°C, and then
decreases as the temperature rises beyond 60°C.
This is clearly illustrated in Fig 2-2 page 9
Fresh Water
Fresh water is not the same as pure water; fresh
water is considered as natural vmter in which a little
sodium chloride is contained in solution. It ‘mayalso
contain small amounts of so-called impurities, such as
calcium carbonate, calcium sulfate and other scale—forming
matters.
Some examples of fresh water are: rain water, and
water obtained from some wells, springs, and also some
lakes. In marine service this water is known as shore
water.
Sea water or Salt water
Sea water differs from fresh water or pure water in
the fact that it contains various amounts of impurities
such as sodium chloride (commonsalt), calcium carbonate,
calcium sulfate, magnesium (magnesium chloride), and
traces of cmher impurities and scale-forming matter. By
distilling the sea water it is possible to obtain pure
water. This operation consists of reducing to a minimum
the amount of impurities contained in the sea water.
Beyond the role played by’ sea water irn the distilling
process, it appears that sea water has manyfunctions on
board ships. Being the mediumin which the ship is running
sea water is cheap to obtain. It is used in manycases:
for filling ballast tanks, for fire fighting. It also
helps in many heat transfer systems and sometimes, for
sanitary purposes.
Hard water
Hard watmr is a term used to describe any kind of
fresh water which contains materials that cause
precipitation of soap. The degree of hardness is based
primarily on the amount of calcium and magnesium ions
contained in the water.
Soft water
Soft water is defined as water which does not contain
appreciable amounts of calcium and magnesiumions. Natural
rain water is often called soft water and fresh water,
while distilled and pure water are soft waters; but the
term soft water is not synonymous with the term pure
water, due to the fact that soft water maycontain certain
amounts of impurities.
Fig 2-2: Temperature-solubility curve for
calcium sulfate
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Fig 2-3: COMPARISON OF WATERS
RIVER LAKE SEA AND
_\NA]EE
CALCIUM as Ca" 44.0 ppm 40.0 ppm 400 ppm
MAGNESIUM as Mg” 10.0 ppm 9.7 ppm 1,250 ppm
SODIUM as Na° 6.9 ppm 8.2 ppm 10,500 ppm
POTASSIUM as K‘ 2.8 ppm 0.5 ppm 350 ppm
BICAFIBONATE as HCO; 100.0 ppm 107.0 ppm 140 ppm
CHLORIDE as CI‘ 4.0 ppm 23.0 ppm 19,000 ppm
SULFATE as S0; 14.0 ppm 25.0 ppm 2,700 ppm
SILICA as SIO, 2.5 ppm 1.5 ppm 10 ppm
Pure water
Pure water is the product of purifying or distilling
other waters. It is. pure H20, and contains few if any
impurities, depending of course, upon the process of
purification or distillation. Pure or distillate water is
recommendedas feedwater in water tube boilers, especially
whensuch boiler supply steam to high-pressure, high-speed
turbines. It can also be used for main engine and
auxiliary engines cooling systems. It should be
understood, however, that raw or untreated shore water is
used to a great extent as a matter of economy, especially
in low pressure boilers and cooling systems.
It must be clear in mind that shore water as well as
distillate water, from shipboard water purifying plant,
can be used on board as drinking water; but for this
purpose the water must be treated in order to keep it free
from dangerous micro-organisms.
2-2 Physical Properties of water
The Three States of Water
water is one of the rare substances which can take
three configurations depending on the environmental
conditions.
The Gaseous State:
when water is boiled at 100°C at atmospheric pressure
it becomesvapor; this phenomenais called vaporization.
The Solid State:
when.the temperature of the water is cooled down
to 0°C at atmospheric pressure it becomes solid (ice);
this phenomenais knownas solidification or freezing.
The Liquid State:
By condensing the vapor it is possible tca obtain
water in its liquid form. This transformation is called
condensation. All these processes are reversible
Physical Properties.
The most important physical properties used in water
conditioning are the following:
a) Specific Mass.
The specific mass, usually called mass density, is
the amount cfi mass per unit volume of a substance. The
S.I. unit for the specific mass is (Hg/m3)or(Kg/1). The
specific mass varies with the temperature and the
pressure. For pure water at 15°C and at atmospheric
pressure the mass density is O.999OKg/dm3. That of
natural water varies with their content of dissolved
substances. Sea water at 0°C with a salinity of 35g/1 has
an average specific mass of 1.0281Kg/dm3. The specific
mass is a variable factor depending upon the salinity. A
variation in salinity of 1g/l causes the specific mass to
change by O.O0OBKg/dm3.
b) Thermal Properties.
8 Specific Heat of water or Mass Heat
As measured under ordinary conditions at constant
(atmospheric) pressure, the specific heat of water is
found to be larger than that of all but a ‘few «other
substances. The specific heat of water depends upon its
temperature and pressure, and many experiments and
measurements have been made to determine the manner of
this variation; in general the results are not in
sufficiently good agreement to lead to conclusions which
might be considered as final. Amongthe various data
found on the subject of the specific heat of water an
average specific heat has been retained that is
4180 J/(Hg.°c) at 0°C.
t The Specific Heat of Saturated Steam
The specific heat of saturated steam requires
particular consideration. To change saturated steam at one
temperature to a higher temperature, its pressure must be
increased. If the increase in temperature or compression
were effected adiabaticallyq that is, without adding or
subtracting heat, the steam would become superheated.
Consequently, during compression, some heat must be taken
away in order to keep the steam in saturated condition.
c) Viscosity.
Viscosity is a fairly technical word. It is the
quality that some fluids have of being sticky and
therefore not flowing easily. It is the basic cause of
head loss and therefore plays an important part in water
treatment. The viscosity diminishes when temperature
increases.
d) Buoyancy of Water
Buoyancy, or the property of a liquid which causes it
to tend to support or ¥loat a body, is a measurement of
the vertical force exerted by the liquid in resisting the
body. It is equal to the weight of the liquid displaced by
the substance or body immersed in the liquid. The greater
the density of the liquid the greater is its force of
buoyancy.
e) Electrical Properties of Water
1 Dielectric Constant
Water has the highest dielectric constant; this is
the reason why the ionizing power of water is so great.
The dielectric constant is equal to 80.
3 Electrical Conductivity of water
Water is a slightly conducting substance. This
conductivity is governed by Dhm’sLaw. The conductivity of
the purest water ever obtained is: H = 4.2¥10“ Siemens
per meter at 20°C (this corresponds to a resistivity of
23.8 megohmcentimeter). The conductivity increases with
the presence of dissolved salts in the water and the
temperature.
Hater Purity
Water purity may refer to the absence of dissolved
salts, a measurementin terms of acidity or alkalinity or
the presence of oil in a sample. It is therefore necessary
to determine the amount of these substances in the water.
Before being used irr the cooling or boiler system, the
water produced on board or coming from shore must be
submitted to a number of tests.
Various instruments which make these measurements
possible, their operating principles and the need for the
measurement will now be described.
Salinity or Conductivity
Water purity, in terms of the absence of salts,
is a necessary requirement where it is tca be lJSEd as
boiler feed.
Pure water has a high resistance to the flow of
electricity, i.e. a low conductivity, so muchso that it
is considered non-conductive. On the other hand, sea water
which contains dissolved salts, has a high conductivity.
A measure of conductivity is therefore a measure of
purity.
A pair of electrodes of known area are placed in the
sample solution at a knowndistance apart. The resistance
between them is measured and expressed in conductivity
units which are siemens. A siemen is a reciprocal ohmand
represents the passage of one ampere at one volt potential
through one cubic centimeter of liquid. Whereelectrodes
are smaller than one square centimeter and spaced closer
or farther than one centimeter then a cell constant is
used to correct the readings obtained. One commontype of
salinity indicator uses a small cell containing two
platinum electrodes. The liquid sample passes through the
cell and the current flow as a result of any conductance
is measured. The reading given assumes all conductivity is
due to sodium chloride which, although not strictly
accurate, is acceptable for most practical purposes.
Electrical conductivity rises with temperature and thus a
temperature compensating resistor is incorporated in the
measuring circuit; Fig 2-4 shows an Electrical
salinometer. Other designs use two electrodes, either in
perforated probe which is inserted into a pipeline, or an
insulated pipe section may have- the electrode inserted
into the pipe walls on opposite sides.
Fig 2-4: Electrical Salinometer
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Fig 2-5: Dionic water purity meter
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The dionic water purity meter is somewhatsimilar in its
operating principle. Conductivity is measured between two
16
platinum .wire ring electrodes and two gunmetal ring
electrodes. The liquid flows through these rings which are
separated by insulated lengths of tubing, Fig 2-5 shows
a Dionic water purity meter.
In effect measurements are made on two columns of
liquid. A bimetallic strip operates a plunger which
insulates the two columns and provides temperature
compensation to 20°C. Specific conductivity in
siemens/cm‘ is the conductance across a centimeter long
column of mercury whose cross-sectional area is one square
centimeter. A much smaller unit, the microsiemen/cm’, when
corrected to 20°C, is known as a dionic unit. Pure
distilled water has a conductance of about 1 dionic unit
while fresh water is about 500 dionic units. A de­
gassifier should be fitted upstream of this unit to remove
dissolved carbon dioxide since this will cause errors in
measurement.
Acidity or Alkalinity
Boiler feed water ’when acidic cw‘strongly alkaline
will cause corrosion. It is usual to monitor and maintain
boiler feed water slightly alkaline. A scale of
measurement using pH values indicates the degree of
acidity or alkalinity within a solution. A solution which
is neutral is neither acid nor alkaline. The pHscale is
a measure of the concentration of hydrogen ions (H*) in a
solution using numbers from O to 14. A strong acid
solution has a pH of O, a neutral solution a pH of 7 and a
strong alkaline solution (or basic) solution a pHof 14.
The measurement of pH, or hydrogen ion (H*)
concentration in a solution, requires the use of two
specially designed electrodes. Figure 2-6(a) . One
electrode is used for measurement and is made up of a
glass tube which contains a buffer solution of constant
pH, e.g. potassium chloride, into which is inserted a
silver chloride coated silver wire. The lower end oi this
glass tube has a thin walled special glass surface which
acts as a membrane.
Figure 2-6(a): pH measurement Electrodes
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The silver wire, which is in a solution of constant pH,
is sensitive to changes in hydrogen ion concentration of
the solution on the outer surface of the membrane. The
reference electrode is used to enable a voltage
measurement which is related to pH. A platinum electrode
is located in a glass tube which contains. a mercurous
chloride and potassium chloride paste and has a porous
plug at the bottom. This assembly is contained within
another glass tube containing a potassium chloride
solution and additional crystals, i.e. a saturated
solution. This outer tube is also fitted with a porous
plug at the bottom. The complete assembly is knownas the
reference electrode. As long as there is minute flow of
potassium chloride into the sample solution, a small
stable potential will exist. The inner cell maintains a
slight flow into the potassium chloride solution and
another stable potential is set up here. The;reference
cell is thus unaffected by the hydrogen ion concentration
of the sample solution. The potential occurring between
the measuring cell and the reference cell is thus a
measure CH the sample solution pH. Temperature changes
will affect hydrogen dissociation and a temperature
compensating resistor is used to provide compensation in
the circuit. Figure 2-6(b). The performance of this unit
can be adversely affected by dirty or distorted
electrodes, poor electrical connections or the electrodes
being allowed to dry out.
Fig 2-6(b): pH measurementcircuit
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Oil Content
The presence of oil in water is usually measured for
discharged water, but this can also be applied to boiler
condensate. Various methods of measurement are applied by
different manufacturers.
The Bailey oil content monitor uses the principle of
ultraviolet light fluorescence. This is the emission of
light from a molecule that has absorbed light. During the
short interval between absorption and emission, energy is
lost and light of a longer wavelength is emitted.
Dil fluoresces more readily than water and this provides
the meansfor its detection.
The measurement technique of the Oilcon monitoring
unit is based on scattered light. Almost all infra-red
light is passed through a water sample at right angles to
the flow. One silicon detector collects the straight­
through light beam and acts as a zero setting. A second
detector collects the light which has been scattered by
the oil droplets in the water sample. Both light signals
are used to compute an electrical output which is
proportional to the oil concentration in the water sample.
2-3 Chemical Characteristic of water
The energy of formation of-the water molecule,
242 HJ/mol (58 Hcal/mol), is high. water is therefore
extremely stable, particularly in nature. This stability,
linked with its characteristic electrical properties and
molecular composition, makes water particularly suitable
for dissolving many substances. Most mineral substances
are in fact soluble in water, as are also a large number
of gases and organic substances.
Water as a Solvent
To dissolve a substance is to destroy its cohesion;
its cohesion is due to electrostatic or coulombianforces
which may be:
I interatomic: strong chemical links; covalency links
(between atoms), electrovalent or ionic
links (atom-electrons);
I intermolecular: links of cohesion between molecules
(hydrogen links);
I weak forces of attraction: (London, Van der
Waals), which hold the whole substance
together.
This diversity of links explains the infinite variety
of states of matter.
The hydrating attraction of water (bipolar molecule)
has the effect of completely or partially destroying
(beginning with the weakest) the various electrostatic
links between the atoms and molecules of the substance to
be dissolved, which are replaced by new links with its own
molecules, and creating new structures; a genuine chemical
reaction (solvation) takes place. Complete solvation is
solution.
Solubility of the Various Phases
a) Gases
The solubility of gases obeys Henry’s laws, that is,
the quantity of gas dissolved is proportional to the
solubility coefficientsol oi‘ each gas and to the
concentration C of the gas in question in the gaseous
phase at total pressure P in contact with the water.
The volume of gas dissolved is V =d.CP.
Anhyrdides (C02, S02) and various gaseous acids (HC1)
dissolve and then combine. Their coefficient of solubility
is much higher than that of other gases. Oxygen 15 more
soluble than nitrogen; the dissolved gases extracted from
a water will be richer in oxygen than the initial
atmosphere from which they came.
b) Liquids
As the water molecule is polar, the solubility of a
liquid in water depends on polarity of the molecules of
the liquid in question. For instance, molecules containing
the groups DH‘ (e.g. alcohol, sugars), SH‘ and NH2‘, being
very polar, are very soluble in water, whereas other
liquids (hydrocarbons, carbon tetrachloride, oils and
fats, etc), which are non—polar, are very sparingly
soluble.
There may be partial miscibility; for instance, two
substances are miscible only above a critical temperature
(a temperature above 63.5°C for a «nixture cfi water and
phenol) or below a ‘certain minimum (trimethylamine is
soluble irr all proportion only below 1B.S°C) or between
two critical temperatures, one upper and one lower (the
water nicotine system).
c) Solids
Solubility, which is determined by the maximummass
of solute that can exist in a given mass of solvent, has
an exact value only in the case of crystallized
substances. with macromolecules there is not the precise
equilibrium that exists between a crystal and the
corresponding saturated solution; there is frequently no
break of continuity when passing gradually from the solid
substance state to the solution state. Moreover,a solute
of macromolecules often includes different molecular
sizes.
water purification must take into account the size of
the electrical charge of the dissolved particles. A
distinction is therefore drawnbetweenthe different types
of solutions and suspensions.
1 True or molecular solutions: These are homogeneous
(single phase) systems.
- crystalloid solutions: the dissolved particles are
small molecules (less than a manometer) both ionized
(acids, bases, salts), and non—ionized(sugar, etc.).
- macromolecular solutions: formed from particles that
are much bigger than a manometer; may include ionized
groups.
‘I’ Colloidal suspensions: also called micellar or pseudo­
solution, these are two phases, distinctly heterogeneous
systems, in which the dispersed particles are masses of
atoms (metals) or molecules of any size.
‘I Suspensions: when the particles are visible lJndEF an
optical microscope, they constitute suspensions (solids)
or emulsions (liquids).
Hydrophilization
The solubility of a substance maydiffer in various
solvents: for example, sodium chloride is much more
soluble in water than H1 alcohol, whereas paraffin is
soluble in benzene but not in water.
Solubility in water depends on the nature of the
substance or yet of certain of its constituent groups.
The characteristic groups are therefore classified as
hydrophilic (DH-CD-NH2, etc ) or hydrophobic
(CH;-CH2-C.H=).
In some cases, the solvation takes place in the
presence of a third substance. For example; for true
solution, the substance is called a solubilizer, for
colloidal solution, a peptizer, for emulsions, an
emulsi¥ier, for colloidal suspensions, a stabilizer etc.
These intermediary agents create genuine "links
between the solvent and substance to be dissolved.
Ionization
when certain substances, e.g. mineral salts, are
dissolved, special electrical properties may be observed
such as, conductivity o¥ ‘liquid, possibility of
electrolysis, etc.
These arise from the partial dissociation of the
molecules into simple, electrically-charged constituents,
cation and anion.
The various laws governing chemical equilibrium,
especially the law of the «nass action, must take into
account the non-dissociated molecules and the various
ions.
Certain acids and bases, even in relatively
concentrated solution, are entirely dissociated. They
are called strong electrolytes. For example, an ordinary
solution of sodium chloride does not contain NaCl
molecules, but Cl‘ and Na* ions.
Other substances, such as acetic acid CH_3CODH,are
only partially dissociated in solution. These are I~eak
electrolytes. In this case we must distinguish between
total acidity which comprises all possible H’ ions and
free acidity which comprises the H* ions actually present.
water itself is partially dissociated into ions
according to the reversible reaction:
H20 ==== H* + OH‘
This means that in water there are both H30 molecules and
DH‘ ions (hydroxide ion) and H* ions (also in the hydrated
form H*, H20 or H30 called oxonium ion).
CHAPTER 3 WATER PURIFYING METHODS
In order to be independent from shore facilities, the
ship generates her own water by distilling the sea water
through an evaporator. The ‘fresh water produced by ‘the
evaporation of sea water contains a small amount of
dissolved material having approximately the same relative
proportions as that in the original sea water.
A large part of this water is mainly used for the
cooling systems and the boiler feedwater makeup. Neverthe­
less, some of this water can be used for sanitary
purposes or as domestic drinking water.
To be used as drinking water, the distilled water
must be sterilized. This is usually done by chlorinating
the distillate before it passes to the domestic fresh
water storage tanks. The most important part of this water
is used either for the cooling systems or the boiler feed
water tanks. when the water is used for these purposes, a
particular precaution must be taken to lower the amount of
salt and gases contained in this water. Manysystems are
used to fulfill this task:
- Evaporation
- Demineralisation
- De-oxygenation
3-1 Evaporation
Since marine boilers operate at high pressure and
high rates the water used must be clean. The first
procedure used on board to obtain clean water is the
evaporation of sea water by means of an evaporator. The
capacity and the size of the evaporator vary from one
designer to another according to the ship’s needs.
Types of Marines Evaporators and their Working
Processes
The evaporator is normally used to provide high
quality distillate from seawater for vessel water systems.
There are many types of evaporators but they are all
designed for the same purpose. Hot cooling water or
auxiliary steam is often used as a heat source. In some
types of evaporators, seawater is heated or flows over a
series of coils or tubes through which auxiliary steam is
passed. Heat is transferred to the seawater until steam
forms. In other types, the .heated seawater enters a
chamber under vacuum, vaporizing a major portion of the
water. The resulting vapor is scrubbed by a mist
eliminator as it leaves the evaporator unit to remove
entrained moisture which contains a small amount of
dissolved solids. The vapor is then cooled in a condenser
to produce pure distillate. It is pumpedto storage tanks
for use as boiler water makeup, engine ¢:ooling water,
potable water and other domestic purposes. The majority of
dissolved solids are left behind, accumulated and
concentrated in the brine section of the unit for
overboard discharge. This purified water now contains
only traces of minerals which can be easily handled with
boiler water treatment.
In this paper, I will describe two types of
evaporators and explain their working processes.
Submerged Coil Type
This type of evaporator contains a number of
horizontal heating coils, each of these being attached to
the steam chamber formed in the side of the evaporator
shell. The shell is of fabricated mild steel with a bonded
rubber coating to protect it against corrosion, while the
heating coils are of aluminium brass. The steam supply
pressure is kept higher than the exhaust by making the
outlet hole in each coil smaller than the inlet. Both the
holes in the bottom ‘coil are the same sizes, and the
direction of flow is reserved so that all the exhaust from
the previous coils passes through it. This ensures that
any remaining steam is condensed so that only water leaves
through the drain.
The usual mountings are fitted which include an
automatic feed regulator, and in some cases at special
brine ejector. The ejector uses water from a suitable
service, such as the sanitary main, which when passes
through the ejector nozzle pumps brine from the
evaporator. This continuous blowdown enables at constant
density to be maintained in the evaporator. Alternatively
a small brine pumpmay be fitted. A baffle is fitted in
the vapor space to reduce the carryover of water from the
evaporator. when potable water is required the vapor must
be passed through at suitable distilling and sterilizing
unit.
For safety requirements the evaporator is treated as
a steam boiler and new shells and coils must be tested to
two times maximum working pressures, by means of a
hydraulic test. Safety valves must be fitted and adjusted
to lift at the required pressure. A test must also be
carried out for accumulation of pressure, this being done
by removing the coil, and then supplying full heating
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steam to the coils. The pressure in the shell must not
exceed the below off pressure by more than 10% .
Anorifice plate is often fitted to restrict the flow
of heating steam and enable a smaller safety valve to be
fitted. This orifice must be of non-corrodable metal, and
the hole must be parallel for at least 6 mmof its length.
If the shell consists of a single casting or is madeof
casting iron, the working pressure must not exceed
200 KN/m9 . Cast iron, bronze and gun metal must not be
used for operating temperature above 220°C.
The water should be such as to leave the top coil
exposed, as this helps to dry the vapor. The evaporator
should be blown down at regular intervals, if no brine
‘ejector is fitted, to prevent the undue density build up,
causing excessive scale formation. The density can be
measured by drawing up a sample of brine into a
salinometer pot and then testing it with a hydrometer.
Blowdown can also be used to remove scale by thermal
shock. The procedure for this is to shut the vapor outlet
and feed valves, and then use the blowdownvalve to empty
the evaporator. The steam supply valve is now closed and
the feed valve opened. The relatively cold feedwater
entering the shell condenses any remaining vapor so
forming El partial vacuum which causes sea water to be
rapidly drawn in through the blowdown valve. The sudden
heating followed by sudden cooling tends to crack off any
hard scale formed on the coils. when the water level
reaches half glass, the blowdownvalve is closed and the
steam and vapor valves are opened to return the evaporator
to service. whenthere is no direct sea connection to the
blowdownthe evaporator will have to be refilled with feed
in the normal manner.
30.
Figure 3-1: SubmergedCoil Evaporator
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Submerged Tube High Vacuum Type
This consists of a two part shell, fabricated from
mild steel with its internal surface protected against
corrosion by' a bounded rubber coating. The lower
evaporating section contains a vertical tube stack which
consists of plain aluminium brass tubes expanded into tube
plates at both ends. The upper vapor shell contains the
distilling condenser consisting of aluminiumbrass hairpin
tubes expanded into a single tube plate and placed
horizontally above a water catchment tray. To reduce
carryover to a minimum,the vapor entering the distilling
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section has to pass through a mesh type demister. This
consists of layers of knifted monel metal wire.
Alternatively polypropylene mesh may be fitted, but its
use is limited to vapor temperature below 75°C.
The evaporator feed after passing through a strainer,
flow indicator, and flow controller, enters at the bottom
of the evaporator. It then passes through the vertical
heating tubes where its temperature is raised by steam or
hot ‘water passing over the outside of the tubes.
Sufficient heat is provided for the water to boil under
' the vacuumconditions existing in the shell, the resulting
vapor rising to pass through the demister. The vapor can
pass ¥reely through this but any water particles impinge
onto the wire mesh, where they accumulate and ultimately
coalesce into water droplets large enough to break free,
dropping down against the vapor flow, to fall back into
the brine. Comparedto vane type baffles or flat plate
deflectors, this mesh type demister greatly improves the
purity’ of the distillate produced. Vapor leaving the
demister then enters the distilling condenser, where its
latent heat is removed by cooling water circulating
through the tubes of the distiller. Theresulting droplets
of condensate are collected in the cachment tray, from
where it flows via a salinometer probe to the distillate
pump.This probe transmits a signal to the electrical
salinometer which measures the density of the distillate.
whenthis is acceptable the distillate pumpdischarges it
through a flow controller and a non return valve to the
storage tanks. If the density is unacceptable the
salinometer provides a signal which stops the pump. This
allows the unacceptable distillate to pass over the double
loop to re-enter the evaporator feed line for re­
distillation. As an alternative‘ arrangement the
salinometer may be used to operate a series of diverter
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valves which achieve a similar object.
The brine density is controlled by fitting flow
controllers in the feed and distillate lines, these being
set to admit 2.75 times as much feed water as the amount
of distillate produced, the excess being pumpedout by the
water operated ejector. These both provide a continuous
blowdownof brine so as to maintain the density low enough
to prevent scale forming, and also removes air and other
non-condensible gases released during the evaporation
process, from the upper part of the vapor shell. The
necessary vacuumfor the proper operation of the plant is
thus achieved.
About thirty times" as much operating water is
supplied to the ejector as the amountof brine it removes
and this so dilutes the brine that no undue build up of
deposits should occur in the discharge lines. Another
factor involved in maintaining the correct brine density
is that when newly cleaned the unit can often produce more
distillate than its normal rated output. If this allowed
to occur it would reduce the feed to distillate ratio and
so lead to an unduly high brine density. The flow
controller in the distillate line prevents this by keeping
the discharge rate constant, so that any excess distillate
returns over the loop to the evaporator, so diluting the
brine to its normal density. Heat for the evaporation can
be provided by a direct steam supply, by bleed steam, or
by waste heat such as jacket cooling water from a diesel
engine.
The cooling water for the distilling condenser can
consist of feed water from a turbine feed system, or of
sea water. In the later case someof the sea water coolant
maybe bled off to serve as evaporator feed. If it is to
be used as‘ potable water, then the distillate must be
passed through a suitable -Filter and sterilizing unit,
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before entering to storage tanks.
If the feed supply is interrupted, then in order to
avoid an undue build up of density the distillate pump
should be stopped until the feed supply has been restored.
The salinometer probe should be cleaned at every
available opportunity, at least every six months or more
frequently if required. The plant should then, be shut
down and cleaned. Any sludge which may accumulate at the
bottom of the shell is washed out and, if necessary, any
deposits removed from the heating tubes by acid cleaning.
This is done by circulating a 10%solution of hydrochloric
or sulphamic acid through the heating section, pumpingit
in through the feed inlet connection and out through the
"brine outlet connection in the shell.
Problems Encountered During the Running of a
Marine Evaporator
During the running of a marine evaporator many
problems are encountered; I will only deal with those
related to water treatment in this chapter. However,
before that, it should be necessary to describe some of
the other troubles and their causes:
- Too high brine density is due to an insufficient
overboard discharge, low feed rates or fouled brine
lines.
- Insufficient vacuum is due to low steam supply
pressure to the ejector or high water temperature
at the distilling condenser
- Leaking in heat exchangers is due to defective
tubes or joints.
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As far as water treatment is concerned the operator
of the evaporator has to deal with:
- evaporator scaling and
- evaporator foaming and carryover
Evaporator Scaling
During the evaporation process, the solubility of
most of the dissolved solids, which remain in the
evaporator brine, is exceeded and precipitation occurs,
forming scale deposits on heat transfer surfaces. The
three most common scales formed in an evaporator are
calcium sulfate, calcium carbonate, and magnesium
hydroxide. These three types of scale are efficient heat
transfer barriers. Reduced heat transfer results in
reduced distillate water production.
Evaporator Foaming and Carryover
The higher concentration of dissolved solids in the
brine increases the surface tension of the water, acting
like an elastic skin at the water level. The increased
surface tension hinders the release of vapor bubbles and
gases and promotes foaming. when the bubbles burst,
droplets containing concentrated salts are thrown into the
vapor space and are carried over into the distillate.
This results in reduced water quality. Foamingalso maybe
caused by organic substances in the water, which are
formed by the decay of organic materials or contamination
with petnoleum products.
5059 Sfilutiqns to Improve the
Evaporator Performance
The solutions to correct the evaporator’s problems
are either mechanical or chemical.
Mechanical Control
Foaming and carryover from the evaporator can be
minimized by proper management of the water level and
salinity (brine) control.
- lmproper.water level control is often due to the
malfunction of the automatic controls and alarms.
Automatic equipment and alarms should be maintained
in good operating level and checked periodically.
- Salinity control is an important factor in the
prevention of scale deposits as well as carryover.
Salinity management refers to the continuous
removal of concentrated brine from the evaporator
in order to control the amount of dissolved solids
buildup.
Normally, brine concentration should be maintained
at 1.5 thirty seconds (1.5/32nds), although some vapor
compression units operate at 2.0 thirty seconds
(2.0/32nds) or more.
Chemical Treatment
The problems of scale formation and foaming can be
minimized by the addition of chemical treatments
containing polymeric scale inhibitors and antifoamers.
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The P01Ymers attach themselves to the scale forming
mineral to disrupt the densely packed crystalline
structure. This prevent hard scale from building up on the
heat transfer surfaces. Instead, nonadherent, suspended
crystals are formed which can be removed easily by
overboard brine discharge. Polymer treatments can remove
existing scale from heat transfer surfaces by the same
action.
If treatment is used, water production can be
maintained and acid cleaning to remove scale can be
minimized. Modern formulations include an antifoam
ingredient which reduces the surface tension of the water
and allows vapor to escape without the formation of foam.
This helps to maintain water quality. Amongall the
chemicals used for the evaporator treatment, the following
are proposed by DREWAMERDIDwhich is a very well known
chemical designer for the treatment of marine water
equipment.
—AMERDYALevaporator treatment is a liquid
combination of an active polymer with a highly
effective antifoam agent. The antifoam agent in
AMEROYALreduces surface tension and, thereby,
prevents foaming and carryover. It is the most
widely used evaporator treatment in the marine
industry.
- DREW AMERETevaporator treatment is a liquid
combination of active polymers and an antifoam
agent which functions in a similar manner to
AMERDYAL. However, AMERET was developed
specifically to prevent scale deposition and
carryover in high temperature evaporators such as
vapor compression units. It has found additional
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application in complex, multi-stage high capacity
evaporator equipment.
3-2 De-mineralisation
The demineralizer is a device used to remove salts
contained irl the distillate coming from the evaporator.
It operates on the ion exchange principle. Each exchanger
contains a resin which replaces the salts with ions. In
order to appreciate better what is happening in an ion
exchanger the way in which elements are bonded together
will be briefly examined.
There are two main types o{ chemical bonding:
‘covalent bonding and electrovalent bonding.
Covalent Bonding
Electrons are shared between elements in order to
be bonded together to form compounds; for example in
carbon dioxide CO2, the electrons of the oxygen and carbon
elements are shared.
Electrovalent Bonding
Electrons are given and received between elements in
order to produce a bonded compound, sodium chloride NaCl
is an examp1e.The electron donor is the Na and the
electron acceptor is the Cl, hence NaCl= Na‘ + C1‘. The
donor and acceptor are ions since they have gained or lost
electrons. They have electrical charge and this is
indicated by the signs (which also indicate how many
electrons have been gained or lost by the elements, one
sign one electron, two signs two electrons etc.). The Na‘
is positively charged and is called a cation. the C1‘ is
negatively charged and is called an anion.
It is also possible to obtain compoundswhich act as
a"i°"5u E-9- 504*‘ and C0;". Figure 3-2(a) shows a de­
mineralisation plant.
Figure 3-2 (a): De-mineralisation plant (ion
exchanger)
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Hence in the ion exchanger the cations are replaced
with hydrogen ions from the exchange resin and the anions
are replaced with hydroxyl ions. The resins have to be
regenerated by using an acid and an alkali to replace the
hydroxyl and hydrogen ions and to wash out the salts.
whenthe resins require regenerating, indicated by a
predetermined maximumconductivity reading e.g.
0.5 mhos/cm’, the following sequence is used:
1- Backwashing with fresh water. Due to anion resin
density being lower than the cation, backwashing
causes separation o? the resins. The free space
in the chamber allows for expansion of the bed
during this process.
2- Regeneration of the anion resin with caustic
solution to replace the OH"ions. Follow with a
water rinse to removespent solution.
3- Regeneration of the cation resin with a acid
solution to replace the H* ions. Follow with a
water rinse.
4- Re-mix the bed by blowing air through.
A typical unit could handle up to 10 tonnes/hr and
could purify 1800 tonnes a+ water before requiring
regeneration.This depends upon the purity of water
supplied. The trend today is to use an ion exchange plan
with a single exchanger (or de-mineralisation bed as they
are often called) wherein the resin is compoundand is
replaced with a new charge after a certain period of time
has elapsed. This depends upon the condition and quantity
of feed passing through. Figure 3-2(b) shows a mixed bed
de-mineralisation.
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Fig 3-20)): Mixedbed De-mineralisation
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Another way to remove solid or suspended particles
from water is by use of membranes.
Separation by Membranes
A- Semi-Permeable Membranes:Ultrafiltration, Reverse
Osmosis.
Techniques for separation through membranes by the
effect of pressure have been known for a hundred years.
Notwithstanding this, we had to wait until the 1960's to
see the industrial application of such techniques rendered
practicable by the development of synthetic membranes.
These methods, which make use of semi-permeable
properties of certain membranes (which are permeable to
water and some solutes, but impermeable to others, as well
as to all particles), represent the developmentof classi­
cal filtration procedures in the direction of finer and
finer separations. This simple filtration, which retains
particles with a diameter of more than a few microns, is
followed successively by:
1- microfiltration, whichretains particles of over a
few microns in diameter (e.g. filtration through
membranes of millipore, Sartorius and similar
types);
2- ultrafiltration, which retains molecules with a
molar mass of more than 10,000 to 100,000 Q/mol
depending on the membrane used; and
3- reverse osmosis, also knownas hyperfiltration,
which retains ions and molecules with a molar mass
of over a few tens (10") of grammes per mol.
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There are two basic differences between filtration
and microfiltration techniques on the one hand and reverse
osmosis and ultrafiltration on the other hand:
a) Microfiltration changes none of the chemical
properties of the solution whereas, with the other
two procedures (ultrafiltration and reverse
osmosis), separation of dissolved species modifies
the chemical potential and creates a gradient
which tends to make the separated matter diffuse
back in the reverse direction.
it To bring about astate Iwfequilibrium, is necessary to arrest
this reverse diffusion by exerting pressure on the
"filtered" liquid. In equilibrium, the pressure
difference established in this way is knownas the
osmotic pressure of the system.
A simple equation relates osmotic pressure to
concentration:
1T= ACRT
AD: the difference in concentration in mol/m3
R: the molar constant of perfect gas = 8.314
J/(mol.°K)
T: the temperature in degree °K
U5 the osmotic pressure in P.
Example: concentration of solute: 100 Kg/m3
T = 300 °K
for a compound having a molar mass of
0.050 Kg/mol C = 100/0.050
1T=100/0.050 #300 I 8.314 = 50.10” Pa or 50 bar
b) In the case of filtration and microfiltration, all
the liquid to be treated passes through the filter
plant. The suspended particles accumulate on the
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filter material, which whenit has been in use for
a certain length of time, must either be cleaned
mechanically or the "clogged" membranemust simply
be replaced.
In reverse osmosis and ultrafiltration, it is no
longer merely the insoluble particles which are retained
by the membranesbut also molecules and ions in solution.
The concentration of the latter in the immediatevicinity
of the membranesets up "polarization" phenomenaand their
concentration brings about an increase in the osmotic
pres sure of the solution to be treated, sometimes
followed by precipitation. The measures adopted to
overcomethese difficulties consist of
- passing through the membraneonly a proportion of
the volume to be treated, thereby setting up a
continuous "reject" flow which contains the ions
and molecules held back by the membrane,- using
pressure in excess of what is required theoret­
ically.
In practice, 2 to 6 bars in the case of ultrafil­
tration, and 20 to B0 bars for the case of reverse
osmosis. The point must also be made that, contrary to
what is the case with filtration and microfiltration,
there is no theory which fully accounts for the
performance of membranes used for reverse osmosis and
ultrafiltration.
Be that as it may, a number of mathematical and
physical models have been proposed, the most satisfactory
of which are the following:
- Ultrafiltration involves a porous system in which
the molecules dissolved in the solution to be
treated are deemed to be retained whentheir size
exceeds that of the pores through which the
ultrafiltrate flows.
B- Dialysis Membranes:
Unlike the semi-permeable membranesdescribed above.
the dialysis membraneis impermeable to water but lets
through either all the ionized species or only those of a
given sign (cations in the case of cationic, anions in
that of anionic membranes) under the influence of a
difference in chemical potential between the solutions
impinging on its two sides.
This difference maybe due to:
- a difference in concentration: simple dialysis
- a difference in pressure: piezodialysis
- a difference in electrical potential:
electrodialysis.
Usually madefrom materials closely related to those
used for the ion exchangers described above, these
membranes have properties resembling those of» such
material (e.g. the sensitivity’ of anionic membranesto
dissolved organic matter)
Furthermore, where these membranesare selective in
their action, we encounter once more the phenomenadue to
polarizing concentrations (the accumulation of the
rejected ions). Here, too, it is necessary to provide
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effective hydraulic scavenging of the membrane.
3-3 De-Aeration Plant
The water from the de-mineralisation plant is makeup
and reserve feed for the feed system. The water already in
the feed system can become contaminated with gases.
Possible sources of contamination are:
€a undercooling of the condensate in the condenser.
b) bleed steam supply pressure to the de-aerator
falling of,
c) dirty air ejector filters,
d) ingress of small amounts of salt water.
De-aeration is twofold, mechanical and chemical.
After mechanical de-aeration, achieved by boiling the feed
and removing the non condensible gases, the oxygen content
may be as low as 0.005 ppm and the carbon dioxide,
0.001 ppm. But even these small amounts of gases can cause
corrosion hence it is necessarv to treat the feed
chemically.
It is worth noting that one of the main sources of
trouble in modernhigh pressure boiler plants is corrosion
of the feed and condensate system which results in copper­
ion scale being picked up and deposited in the boiler.
These deposits set up corrosion cells, due to dissimilar
metals in boiler water, which causes loss of material.
A fact that has emerged is the copper-ion scale
composition is remarkably consistent, being approximately
70% iron. 10% calcium, 10% copper, the remainder made up
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of zinc, magnesium and sodium.
It is possible that the scale deposit on water wall
tubes could cause the tubes to become insulated. This
would lead to the overheating of the metal below the scale
and water being flash evaporated, leaving boiler water
solids on the metal surface in a highly concentrated form.
This in turn could lead to caustic attack.
Hydrazine solution (602 hydrazine, 40%water)
is finding increasing popularity for oxygenscavenging.lt
reacts under boiler conditions with the oxygen to form
water,
Hydrazine + Oxygen --- water + Nitrogen
N=H4 "' 0: --- 2H::U '0' N2
It has the advantage of not increasing the boiler water
density. Initially it was thought that excessive dosage of
hydrazine could lead to steam and condensate line
corrosion due, to ammonia being produced as the excess
hydrazine decomposed:
(Hydrazine ---— Ammonia+ Nitrogen)
However, a controlled excess is beneficial to the steam
and condensate system as it. counteracts the effect of
carbon dioxide corrosion. This figure would be
approximately 0.1 to 0.3 ppm of hydrazine.
Hydrazine should be injected after the de-aerator
pumpdischarge. This is logical for several reasons:
1. The de-aerator is being allowed to do the Job it
is designed for.
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2. De-aerator performance can be checked by taking a
water sample before the hydrazine injection point.
Excess hydrazine can be converted according to the
equation
Hydrazine --—-- Ammonia+ Nitrogen
3N2H4 --—-- 4NH; + N:
The nitrogen and ammonia carry over with the steam
from the boiler. when the steam condenses ‘the ammonia
reacts with the water to form ammoniumhydroxide.
i.e. Ammonia + water --—-- AmmoniumHydroxide
NH; + H30 ---- -- NH40H
As the ammonium hydroxide is alkaline it will
increase the pH of the condensate and if oxygen is present
it can lead to corrosion of copper alloys.
There may be a delay in the build up of a reserve of
hydrazine in the boiler water since it reacts with any
metal oxides (apart from Fe3D.) that may be present.
Sodium sulfite may still be used as an oxygen scavenger,
if that is the case then the following points regarding it
are important:
a) pH value is important to reaction rate with the
oxygen. At about 7 pH it is a maximum, hence the
sodium sulfite should be injected into the system
before any alkaline ingredients,
b) in high pressure boilers the sulfite can break
4B
down to give hydrogen sulphite (H25) and possibly
sulphur dioxide (802) which can attack steel,
brass and copper,
c) it increases dissolved solids content.
Potable Water: how to destroy Dangerous
Hicro-Organisms
There are many options available to kill dangerous
bacteria in potable water systems. But the electrolitic
chlorination still seems favoured by most shipowners.
Thoughthe use of electrolytic chlorination system on
ships is El long-established practice, the technique has
come into stronger focus as a result of the UKDepartment
of Transport’s Merchant Shipping Notice M1214.
These recommendations to prevent the contamination of
ships’ freshwater storage and distribution systems were
prompted by newly acquired scientific evidence on the
risks relating to the growth of various potentially
dangerous bacteria (including legionella) and the presence
of toxic chemicals. Growing awareness of the risks could
put pressure on the department to make their recommend­
ations mandatory. Chlorine is both the most effective and
most economic way of killing bacteria in water, says water
treatment specialist David Marsan. He believes that: “
chlorination is by far the most widely used technique for
disinfecting both urban and rural water supplies
throughout the world, preventing millions of deaths each
year from diseases such as typhoid, cholera,and
dysentery."
Sodium hypochloride in liquid form is the usual
disinfecting agent. However, this is an extremely
hazardous and corrosive material in liquid form. whether
as a liquid or (as less frequently used) in powder form,
it is dangerous to handle. Likewise, the presence of
chlorine gas requires the observance of strict safety
precautions and the provision of special equipment and
training to safeguard operators.For this reason it is not
suitable for use in most ships.
Nevertheless, the incomparable benefits of chlorine
as a killer of harmful bacteria are not denied to marine
engineers for it is possible to produce an equally
effective form knownas electrolytic sodium hypochlorite
(ESH), with none of the attendant risks of using sodium
hypochlorite in liquid or powder form.
ESHis produced with remarkable simplicity and total
safety by a unit such as the |°ortacel "Cloroce1“. The
process involves mixing commonsalt with a small sample of
the incoming water to form a brine which then acts as an
electrolyte whena low voltage direct current is supply by
a rectifier.
Fig 3-3 Typical installation of a shipboard
Clorocel system
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-Theunit automatically and continuously injects the ESHit
produces into the water supply at a rate that can be fully
controlled and monitored. Figure 3-3: shows a typical
installation of a shipboard Clorocel system.
According to David Marsan, of Portacel, the chlorine
produced by the system kills and controls all bacterial
contamination and waterborne organisms such as legionella.
There are no hazards to anyone using the equipment or to
others onboard. The only routine task is_to top up the
level of salt in the saturator: an alarm on the unit
signals whenthe level is low and requires recharging.
The effect of the disinfection process can be
instantly checked by' measuring the chlorine residual in
the water supply.
Alternatives for chlorination are the use of ozone
and of ultraviolet radiation. David Marsanexplains that
ozone is a very effective oxidant, being much more
vigorous than chlorine. However, the equipment is very
expensive and involves the use of enormous .amounts of
electricity, with consequent high running costs. Also the
use of ozone requires the maintenance of dry air, which
postulates very high operating standards.
One benefit cfi ozone is the absence of taste and
odor, but a major disadvantage is that it produces a
short-lived residual, so it is not possible to monitor its
effect in the same way as ESHunless extra provision is
madeby installing a chlorine residual generator, at added
expense.
Dangerous micro-organisms in water can also be
destroyed by electro-magnetic waves of ultraviolet at a
special wave length. However, if the water contains
particles that shield the organisms, the radiant energy
will not act as a disinfectant.
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The effective use of UVradiation also requires the
provision of very clean water with no turbidity.
As with ozone, unless an associated electrolytic
chlorine generator is installed to produce a protective
residual, the effectiveness of the UVtreatment can only
be checked by a laboratory: in the interim the ever­
present health risk remains.
David Marsan points out the recent case of a whole
crew being incapacitated by severe dysentery after the
ship had taken on water at an African port warning enough
of the hazards and penalties that such a random approach
invites.
Thirteen of the containerships operated by P&O
Containers have recently had their drinking water system
upgraded ‘to comply! with the recommendations of Merchant
Shipping Notice M1214. Ten of the ships were previously
fitted with Clorocel units which have now been fully
refurbished, and new systems have been supplied for the
other three vessels.
P&0 has used this equipment for twenty years and it
reportedly states that it is the most cost-effective way
of ensuring safe water on its fleet.
Six ships operated by ENFL/PNTLsailing between the
UK, Europe and Japan have also been recently equipped the
automatic Clorocel Units to make safe freshwater from
seawater. when the shipowner’s new building programme
began in 1979, the system was offered as part of a package
that included the domestic freshwater/salt water module.
BP Shipping is another operator which was quick to
implement the advice of Merchant Shipping Notice M1214.
Amongships of its fleet equipped with Clorocel units are
three support vessels operating in North Sea- ESVIolair,
SSV Seagair and DSVSulair.
In conclusion, one of the recommendations contained
in the Notice M1214reads as follows:
"All water making plants producing ¥reshwater from
seawater are required to be fitted with an automatic
chlorination unit and, although formerly the Department
has been prepared to grant exemption to allow an ultra­
violet sterilizer unit, this policy is nowdiscontinued."
Chapter 4- BOILER AND FEED HATER TREATMENT
4-1 Purposes of Boiler and Feed Water Treatment
The primary purpose of conducting tests of the water
both in the feed system and the storage tanks. and also in
the boiler itself is to determine its characteristics so
that necessary water treatment maybe carried out. A clear
understanding of the qualities desired in feed water and
boiler water is essential to an understanding of the
indicated test procedures. The major purpose of this
chapter is to present the subject of water treating and
testing in such a way that officer personnel can become
thoroughly familiar with it.
Boiler water contamination
Modern boilers cannot be operated safely and
efficiently without careful control of boiler water
quality. If boiler water conditions are not within
allowable limits, the high operating pressures and
temperatures of modern boilers will lead to rapid
deterioration of the boiler metal, with the possibility of
serious casualties to boiler pressure parts. Maintaining
boiler water in the required condition is therefore an
extremely important job. In order to control the quality
of boiler water, it is important to have both theoretical
knowledge and practical skill-knowledge of boiler water
problems and treatment, and skill in making boiler water
tests. However,before discussing boiler water problems, a
knowledge of sources of contamination will be most
helpful.
Sea water, the source of practically 80%of the fresh
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water used aboard ship, contains about 35,000 parts per
gmillion of sea salts. when sea water is evaporated and
the vapor condensed in a distilling plant, the resulting
distillate contains about 1.75 ppmof sea salts.
In other words, distillate is actually diluted sea
water. It is not still "pure water". In considering water
problems and water treatment, one must remember that the
basic impurity of sea distillate would make water
treatment necessary even if no other impurities entered
the water from other sources.
1 In chapter 2 it has been already said that the
salts that are present in sea water and, therefore,
to a lesser extent in distillate are chiefly
compounds of sodium, calcium, and magnesium.
Sources from where sea water can enter the boiler water
system are the following points:
1. main and auxiliary condensers,
2. distilling plant evaporators, condensers, and air
ejectors,
3. drain collecting tanks, open funnel drains, and
drain lines that run through or terminate in the
bilges.
4. feed suction lines that run through bilges.
5. Reserve feed tanks (leaky seams or open sounding
tubes).
6. Bottom blow valves on idle boilers.
Fuel oil may enter the feed system and eventually
be carried to the boiler. Sources of fuel oil
contamination are:
the fuel oil heaters and
the fuel oil tanks heating coils.
Lubricating oil from the main lube oil system may
enter the condensate system through the turbine
gland seal system.
Rust preventives or preservatives used in new or
activated ships mayenter the condensate system or
the feed of different
SDUFCES a
system from a number
Dissolved oxygen contamination results from
defects in:
the deaerating feed tank,
andair leakage into any part of the system,
failure to secure the boilers and lay them up in
accordance with prescribed procedures.
Corrosion Products may be picked up from:
pipino.
valves, and
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3' m3Chi"EFYat various points in the steam-water
cycle. These corrosion products, like other
contaminating materials, tend to be carried to the
boiler.
t water treatment chemicals must also be considered
as contaminants of the boiler water. Although the
chemicals are necessary, they do increase the
amount of foreign matter in the boiler water.
1 Minerals present in shore water introduce an
entirely new set of contaminating substances into
the boiler water. If shore water is used as
boiler feed, even distilled before use, it will
still contain impurities that can not be counter­
acted by the standard methods of boiler water
treatment.
For this reason, shore water should never be used as
boiler feed except in an extreme emergency. It should
be noted, also, that steam obtained from shore will
normally be contaminated in the same manner as
distilled shore water. While recognizing the dangers of
using shore water, shipboard personnel sometimes
overlook the fact that the same dangers exist (though
to a lesser degree) in using shore steam. If shore
steam is routed to the drains, for example, trouble may
later be encountered with the boiler water.
4-2 Boiler Water Problems
Although there are many sources of boiler water
contamination, the contaminating materials tend to produce
three main problems when they are concentrated or
accumulated in the boiler water. Thus, boiler water
treatment must be aimed at controlling the results of
boiler water problems:
1) waterside deposits,
2) Waterside corrosion, and
:35 Carryover.
waterside Deposits
Any waterside deposit interferes with heat transfer
and thus causes overheating of the boiler metal. The
general manner a waterside deposit causes overheating of a
boiler tube is shown in figure 4-1. In a boiler operating
at 42 bar, the temperature inside a generating tube is
approximately 260°C and the temperature of ‘the outside
surface of the tube is about 38°C higher. where a
waterside deposit exists, however, the tube cannot
transfer the heat as rapidly as it receives it. As shown
in figure 4-1, the inside of the tube has reached a
temperature of 425°C at the point where the Inaterside
deposit is thickest; the outside of the tube at this point
has reached a temperature of 500°C. What happens? The tube
metal is overheated to such an extent that it becomes
plastic and blows out, under boiler pressure, into a
bubble or blister. The temperatures given in this example
do not apply to all situations in which a boiler tube is
over-heated; the exact temperatures of the inside and the
outside of a tube would of course. depend upon the
operating pressure of the boiler. the nature of the
deposit and other factors.
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Figure 4-1: Effects of Waterside deposit on boiler
tube.
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The term waterside Deposits is used to include sludge,
oil. scale, corrosion deposits, and high temperature
oxide. with the possible exception of oil, these deposits
are not usually soluble enough to be removed by washing or
bailing out the boiler.
Sludge
Sludge is a general term used to cover all
sedimentary deposits of insoluble matter in the boiler
sludge consists of metal oxides (suchwater. In general.
reaction productsas rust) and other corrosion products;
of the chemicals used for boiler water treatment. and oil
or grease.
: shows heavy deposit of sludge in fireFigure 4-2
A».
c.L
a.\
Most sludges are originally soft and non-adherent.
After remaining on the boiler surfaces for any length of
time, however, sludges adhere firmly to the metal. In some
cases, they can be as difficult to remove as scale
(discussed later in this chapter). Sludge simply settles
out (or floats out) of the water and is deposited in
layers on the inside of the tubes and drums. Sludge
deposits are not crystalline in structure; in this they
differ from scale, whichdhasa crystalline structure that
may be seen under microscopic examination. Most sludges
are heavier than water, and therefore tend to collect in
the lower drums and headers and in the lower ends of the
tubes. figure 4-2, shows a heavy deposit of sludge in a
fire tube. Because of the higher temperatures in the fire
row tubes, sludge that accumulates in these tubes tends to
become baked. Baked sludge is extremely difficult to
remove. The danger of baked sludge is indicated by the
fact that approximately 252 of all boiler tube casualties
are associated with such deposits.
Oil
Oil is actually considered as a special kind of
sludge. whenoil gets into boiler water, it tends to coat
the watersides of the boiler uniformly. At high
temperatures, it gradually carbonizes into a graphite-like
sludge such as that shown on the boiler tube in
figure 4-3. Under some conditions, oil in boiler water may
mix with other insoluble materials and roll into sludge
balls such as those shown in figure 4-4. These balls
cannot be detected except when the boiler is opened up for
inspection or repair.
The early detection of oil or grease is of the utmost
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importance. Drains from fuel oil heaters and from heating
coils in lubricating oil tanks and fuel oil tanks should
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Figure 4-4
Sludge balls
Figure 4-3:
carbonized oil on boiler
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tube balls.
always be passed through inspection tanks before being
discharged to the feed system. If oil or grease is
detected in the drain inspection tanks, the drain must be
diverted to the bilges until the source of contamination
has been eliminated. It is usually quite «difficult to
detect cfll or grease in the boiler water. After oil or
grease has been exposed to the extremely high temperatures
in the boiler, any bubble or film of oil that appears in
the gage glass is likely to be transparent and almost
colorless. In addition, the oil maydisappear temporarily
when the gage glass is blown down, and may not reappear
for some time. It is important, therefore, to take even
the slightest indication of oil or grease as a serious
matter. A very small drop of oil in a gage glass may
indicate a large amountof oil in the boiler.
Scale
Although the word Scale is used freely by shipboard
personnel, true scale is actually rare in marineboilers.
with the newmethods of investigation (water testing), the
formation of scale is discovered earlier. That leads to
take an immediate action against the condition that
allows its formation.
True scale is formedas the result of crystallization
processes that occur because of temperature changes. In
order to understand how scale may form in a boiler, the
meaning of the solubility of salts in water must be
clarified. Everyday experience leads us to believe that
salts are more readily soluble in hot water than in cold
water. That clearly means that hot water can hold more
salts in solution than cold water. This is true for many
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salts. However,the salts that form scale in boiler are
less soluble irn hot water than they are in cold water.
Thus, in the cooler parts of the boiler, the water may
contain scale forming salts in solution. In the hotter
part of the boiler, however, the same-concentration of
scale forming salts will result in crystallization of the
salts that cannot be held in solution at higher
temperature. The crystals that are thus formed are known
as Scale. _
Compoundsof calcium and magnesium are the principal
scale formers in marine boilers. Calcium sulfate is
probably the most dangerous scale-forming salt because it
is soluble in boiler feed water but almost insoluble at
the temperatures existing in the boiler tubes. Figure 4-5
shows a Calcium sulfate deposit on boiler tube. Figure 4-6
shows Calcium Hydroxide formation on boiler tube.
In the absence of proper water treatment, practically
all of the sulfate calcium that enters the feed water must
be deposited as scale in the boiler tubes. Calcium
sulfate is so hard, and it sticks so tightly to the tubes,
that it can scarcely be removed by mechanical cleaning.
As mentioned before, true scale is seldom found in
marine boilers. However, the day that the water tests are
not made could be the day that calcium sulfate scale would
begin to form in the boiler. It’s a lot easier to make
boiler water tests and to keep up the proper boiler water
treatment than it is to remove scale or try to explain why
the scale was allowed to develop.
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Figure 4-5: Figure 4-6
Calciumsulfate deposits Calcium Hydroxide
on boiler tube. deposits.
Corrosion Deposits and High Temperature Oxide
Corrosion
To understand what actually happens when corrosion takes
place. one must realize that all corrosion is electrolytic
in nature. Also it is important to have a basic knowledge
of the ionization process. According to the theory of
dissociation (ionization theory), some compounds tend to
dissociate into electrically charged particles called
ions. An ion consists of an atom that has gained or lost
one or more electrons. Pure water contains equal amounts
of positively charged hydrogen ions, (H*) and negatively
charged hydroxyl ions, (OH').
A solution is acidic when it contains an excess of
hydrogen ions (H*). when it has an excess of hydroxyl ions
(0H‘), it is said to be a basic (caustic or alkaline).
Boiler water should be kept slightly alkaline because acid
water dissolves iron and iron compounds, while high
alkalinity dissolves iron oxide protective films from the
water side. Treatment o¥ marine boiler water is designed
to achieve a happy medium.
The increasing of the hydrogen ions (H*) and hydroxyl
ions (DH’) in the boiler water is sometimes due to the
chemicals used for boiler cleaning or the water
conditioning. Problems occur when the amounts of {or
example (H'*) is more than the amounts of (OH‘) or" vice
versa. Figure 4-7: shows a localized boiler tube pitting
electrolytic corrosion.
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Figure 4-7: electrolytic corrosion
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To counteract excess H- ions (acidity) -from these
sources, alkaline chemicals are introduced with the boiler
water treatment. That is for example soda ash (Na;C0;)
which is converted to NaDH by reaction with high
temperature water. This chemical reaction yields DH‘ions
to neutralize the excess H‘ ions.
During the distribution or use o¥ water, the various
material with which it is in contact can be damaged in
various ways, the most commoncase being the corrosion of
metal and of steel in particular. Other types of damage
include the dissolving of calcareous materials and the
degradation of concrete.
The basic processes ‘which cause damage, and the
factors common to all of them, must be known and
understood so that suitable counter-measures can be
adopted. These counter-action can be:
1- modification of the chemical properties of the water,
2- application of a protective coating,
3- electrical protection or the use of more inert
materials.
Corrosion deposits, like scales, form directly in
place on boiler metal. Unlike scales, however, these
deposits are the result of chemical reactions of the metal
with the water; they are not the result of crystalliz­
ation . A boiler tube with a typical corrosion deposit
formed in place is shown in Figure 4-8.
High temperature oxide is a special type of corrosion
product that results from the reaction between hot metal
and air or water. This oxide is sometimes called "mill
scale" because it gives the boiler metal an appearance
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similar to that of the surface of newlyrolled steel.
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Figure 4-8: Typical corrosion deposit
Different Forms of Corrosion
The types of corrosion found generally in boiler
water systems are:
1- General Corrosion
This type of corrosion occurs when conditions favor
the formation of many small anodes and cathodes on the
total surface of the boiler metal. The protective film on
the surface of the metal ultimately disappear, resulting
in generalized attack (unstable passivity). As corrosion
proceeds, the anodes and cathodes constantly change
position. Therefore there is a general loss of metal over
the entire surface. Low alkalinity (or low pH) allows
this type of general corrosion to proceed.
If the boiler water is excessively alkaline (or if
the pH value is too high), general corrosion may also
occur. when alkalinity is very high, strong caustic
concentrations develop in the hottest part of the
boiler. These caustic concentrations dissolve the
protective oxide layer from the surface» of ‘the boiler
metal and thus permit continuous chemical reaction to
occur between the metal and the boiler water. Beneral
corrosion may also occur if the chloride content 5+ the
boiler water is too high.
2- Localized Fitting or OxygenCorrosion
The presence of dissolved oxygen in the boiler water
contributes greatly to the type of corrosion irr which
electrolytic action makes pits of holes of the type shown
in Figures 4-9(a) and 4-9(b). These pits actually indicate
the anodic areas in which ion from the boiler tube has
gone into solution in the boiler water. Under certain
circumstances, some of the metal may be deposited over the
pit, forming a sort of scab. It is possible for a boiler
tube to have some of these oxygen pits without showing any
other signs of corrosion.
Figure 4-9(a): Figure 4-9(b):
Localized oxygen pit Oxygencorrosion
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3- Intergranular corrosion
This type of corrosion occurs mainly near weldings.
It can also result from inefficient thermal treatments.
This intergranular corrosion which is peculiar to
austenite steels can be avoided in two ways:
- by bringing down the cabon content of the steel to
la sufficient low level (< 0.30%) in order to
restrict the formation of chromiumcarbide.
- by using a steel sterilized with niobium or
titanium, which form stable carbides with the
carbon.
4- Erosion Corrosion
This occurs most commonlyin the low pressure turbine
and in the condenser. The process is that the protective
oxide film is removed by erosion and the base metal
exposed for corrosion if the water chemistry is improperly
adjusted.
5- Cavitation corrosion
Only very few metals are not affected by this types
of corrosion. It is a general phenomenonoccurring in
stagnant zones where diffusion is difficult if not
impossible. It is found particularly under deposits of
scale, oxides, fouling, etc.
6- Stress corrosion
This type of corrosion can occur in austenitic steels
7O
appropriate thermal treatment,
subjected to mechanical stresses which are either residual
from a previous treatment such as stamping or welding or
are setup while in service.
After an incubation period o¥ varying length,
corrosion appears in the form of deep cracks which spread
quickly.
In order to prevent this type of corrosion, it maybe
necessary irl some cases to relieve the stresses by an
v
7- Balvanic corrosion
Galvanic corrosion can occur in mixed joints such as
a weld between stainless steel and mild steel. The mild
steel is then anodic in relation to the stainless steel
and is subject to corrosion.
Carryover of Moisture into the Dry Pipe
Some moisture carryover will occur at all steaming
rates even in a properly designed boiler but normally this
amount is very small, being limited by designed specific­
ations to approximately one quarter of one percent.
However, certain contaminants in low concentration and
almost all materials in high concentration cause the water
in the steam drum to ioam. The contaminants stabilize the
steam bubbles so that many of them do not burst on
reaching the water surface, whereupon they build up in
masses as foam on top of the water until it reaches the
dry pipe and is carried over with the steam. This acting
is commonly known as foaming.
The moisture contained in the carryover reduces the
quality of the steam and deposits the contained
contaminants in the superheater tubes reducing their
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ability to transfer heat with resultant loss of economy
and possibility of tube failure.
when irregular violent steam formation occurs caused
by a sudden increase in steam rate, improper operation of
the boiler, or rolling and pitching of the ship in rough
weather, large amounts of water will then be carried into
the dry pipe and give rise to a violent type of moisture
carryover, known as priming. Such large amounts of water
carried over into the system are an immediate source of
danger to the safe operation of the machinery.
Although foaming and the resultant moisture carryover
in small amounts can be controlled by reducing the
dissolved solids in the boiler water, priming in a
mechanical matter can only be controlled by proper design
and proper operation of the boiler.
Figure 4-10: carryover in superheater
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-4-3 Boiler Hater Tests
Boiler water treatment can not be carried out on a
hit or miss basis. Before attempting to counteract the
effects of the impurities in the boiler water, a precise
knowledge of the actual condition of the water is
essential. This knowledge can only be obtained through
tests of the boiler water and of the feed water. _
It is very important to notice that the wayof making
the boiler water tests vary from one chemical designer to
another, and also from ship to ship. I think there is no
need to explain a specific way of making boiler water
tests and treatment. Generally an instruction manual is
delivered with the chemical. The water treatment operator
must read carefully this manualbefore starting any test.
However, it is necessary to indicate the unit used
to report the tests results, and some tests commonly
performed without going into details.
Units for reporting results of boiler water tests
Four units are used for reporting the results of
boiler water and feed water tests on marine steam ships.
Dissolved oxygen and phosphate are reported in terms of
unit called Parts Per Million (ppm). Chloride,
alkalinity, and hardness are reported in terms of the unit
called Equivalents Per Million (epm). The unit knownas pH
value is used on some ships instead of the epm unit for
alkalinity. On someships, the electrical conductivity of
the boiler water is measured and the conductivity is
reported in the unit called Micromhos.
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,Parts per million
Parts per million (ppm) is a weight-per-weight unit
that indicates the number of parts of a specified
substance. For example, 26.5 Kg of salt in 1,000,000 Kg
of water represents a concentration of 26.5 parts per
million. Note also that 26.5 gr of salt dissolved in
1,000,000 gr of water, or 26.5 tonnes of salt dissolved in
1,000,000 tonnes of water, represent the same
concentration-that is 26.5 ppm. Similarly, if 8 Kg of
oxygen are dissolved in 1,000,000 Kg of water, the
concentration is described as 8 ppm.
Equivalents per million
Equivalents per million (epm) can be defined as the
number of Equivalent parts of a substance per million
parts of some other substance. The word "equivalent" here
refers to the chemical equivalent weight of a substance.
The chemical equivalent is different for each element and
compound. The chemical equivalent weight of sodium
chloride is 58.5 so a solution containing 58.5 parts of
this salt per 1,000,000 parts of water is said to have a
concentration of 53,5 ppm or 1 epm. If a substance has a
chemical equivalent weight of 35.5, a solution containing
35.5 parts per million is described as having a concentr­
ation of 1 epm.
The pH value
Some ships are required to determine the pH value,
'rather than the alkalinity, of the boiler water. The pH
unit does not measure the alkalinity directly; however, it
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is related to alkalinity in such a way that a pH number
gives an indication of the alkalinity or acidity of the
water. The pH scale are numbers ranging from 0 to 14. On
this scale, pH 7 is the neutral point. Solutions having a
pH value above 7 (as for example, pH 6 or pH 13) are
defined as alkaline solutions. Solutions having pHvalue
below 7 are defined as acid solutions.
Hicromhos
The micromho, a unit of electrical conductivity, is
used on all ships to report the conductivity content of
the boiler water. The electrical conductivity varies
according to the amount of ionized dissolved solids in the
water.
Types of boiler water tests
The boiler water tests that may be performed aboard
ship include chloride tests, hardness tests, alkalinity
tests, pH tests, and phosphate tests for the dissolved
solid content of the boiler water. Note, however, that no
ship makes all these tests. The types of boiler water
tests required on any particular ship depend on the type
of water treatment authorized for that ship and on the
equipment that is furnished for makingthe tests.
Some of the boiler water used aboard ship give a
direct indication of just what contaminating substance is
present, in just what amount. In other cases, however, it
is more important to know what Effects the contaminating
substance have upon the water than it is to knowexactly
what the substances are or exactly how much o4 each is
present. Therefore, some water tests are designed to
measure properties that the water acquires because of the
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presence of various impurities.
1- Chloride content and dissolved solid content
The term “chloride content" really refers to the
concentration o{ the chloride ions, rather than to the
concentration of any one sea salt. Because the
concentration of chloride ions is relatively constant in
sea water, the chloride content may be used as a measure
of the amount of solid matter that is derived through sea
water contamination. The results of a chloride test are
used as one indicator of the need for blowdown. Chloride
content is expressed in equivalents per million (epm).
The test for chloride content indicates something
about the amount of solid matter in the boiler water, but
it indicates only the solid matter that is there because
of sea water contamination. It does not tell you anything
about other solid matter that may be «dissolved in ‘the
boiler water. A more accurate indication cw the total
amount of dissolved solids is obtained by measuring the
electrical conductivity oi the boiler water, since this is
related to the total dissolved solid content. The
dissolved solid content is expressed in micromhos.
Hardness
Hardness is a property that the water acquires
because of the presence of certain dissolved salts.
Hardness is expressed in epm.
Alkalinity and pH
Alkalinity is a property that the water acquires
because of the presence of certain impurities. As noted
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before, the pH is related to alkalinity. On ships that
makestandard alkalinity tests, the results are expressed
in epm. Ships that use the phosphate control treatment
for boiler water are furnished with the equipment required
to determine the pHvalue of the boiler water.
Phosphates
Boiler water that is treated with phosphates must be
tested for phosphate content. Boiler water that is treated
with standard boiler compounds is not tested for
phosphates.
when the phosphate content of the boiler water is
maintained within the specified limits, the hardness of
the water should be zero. Therefore, hardness tests are
not required for boiler water when phosphate tests are
made. Phosphate content is expressed in parts per million
(ppm).
Frequency of boiler water tests
The boiler water tests to be made on any ship and the
frequency of these tests depend on the method of boiler
water treatment authorized for the ship and on the status
of the boilers. The authorized types of water treatment
are discussed later in this chapter. The various schedules
of boiler water testing are shown in Table 4-1, page 78.
Boiler water limit:
In order to use the results of boiler water tests as
a guide to boiler water treatment, the allowable limits
for each substance in (or property of) the boiler water
must be known.
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The boiler water limits specified {or any particular
ship depend upon the type o¥ water treatment authorized
for the ship. The boiler water limits specified by the
Bureau of Ships Technical Manual are shown in Table 3-2,
page 78.
4-4 Boiler Water Treatment
As mentioned previously, boiler water is bound to be
contaminated to some extent. The contaminating substances
present in boiler water cause waterside deposits,
waterside corrosion and carryover. The most direct methods
of controlling these problems are:
1) chemical treatment o¥ the boiler water, and
2) use of blowdown.
Chemical treatment o¥ boiler water
At the present time there are three authorized
methods of chemical treatment for boiler water on steam­
ships. Each method is designed to completely eliminate
hardness and to maintain the alkalinity (or the pH value)
within the prescribed limits. The methodof boiler.water
treatment specified for each ship is the methodthat will
best preform these two functions and, at the same time,
take into account the total concentration of solids that
can be tolerated in the particular type of boiler.
The three types of chemical boiler water treatment
now in use are:
1 \.r standard boiler compoundtreatment,
{­ phosphate control treatment, and
(:1 special treatment for systems with diatomite feed
water filters.
But as i said so far, testing and treatment methods
depend on the designer’s manual and the equipment provided
to the ship for each case. I
Now, I would like to mention one important operation
carried out in boiler water treatment. this operation is
known as blowdown.
4-S BlowdownConsiderations in Boiler and Feed water
Treatment
Elowdown is an essential operating feature of any
effective low-pressure boiler and feed water treatment
programme.
Without blowdown, or with improperly scheduled
blowdown, dissolved and suspended solids will accumulate
in the boiler. The accumulated solids will cause problems
of precipitation, deposition, corrosion and carry-over.
Important caution
Any person responsible for the operation of a boiler
and feed water treatment programmeshould be familiar with
the specific boiler manufacturer’s instructions on
blowdown. There may be design or construction features
which affect the proper conduct of blowdown for that
specific boiler or steam generator.
Definition
Elowdownis the extraction of concentrated water from
the boiler. To conserve the mass balance of the steam
generating and condensing system, blowdownwater loss is
always redressed by feed water makeup. As makeup is nearly
always automatically responsive to the loss of water by
blowdown, the blowdown and makeup process is commonly
referred to simply as blowdown .
Elowdown may be expressed as a percentage of feed
water mass flow and equally of total steam evaporation.
In any boiler and feed water treatment program, the
need for blowdown is -determined by the allowable
concentration of total dissolved solids (TDS) in the
boiler. The upper limit on TDS is functional to the
maximum cycles of feed water concentration in the
following relationship:
TDS/feedwater Dissolved Solids = Cycles of concentration
Thus, with 2 ppm dissolved solids in the feed water
and 500 ppm allowable TDS,
the cycles of concentration = 500/2 = 250
Cycles of concentration and blowdownare reciprocals each
of the other.
Cycles of concentration = 1#100/BlowdownZ
From the example above, 250 = 100/Blowdown Z
or, blowdown Z = 100/250 = 0.4 X
Parameters
For the effective management of a boiler and feed
water treatment program, it is important to recognize that
blowdown is an essential, scheduled feature of the
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program. In combination with correct chemicals
application, blowdowncontrols three important conditions:
a) Maintaining dissolved solid quantities below the
limits of solubility at the heating surface and
water interface,
b) Maintaining suspended solid quantities below the
limits of the water’s capacity to hold them in
suspension, and.
c) Maintaining the total dissolved and suspended
solid quantities. below the level which would
encourage carry-over of boiler water into the
steam.
It has been explained howexceeding the solubility
of scale-forming minerals causes scale on heating surfaces
and how the boiler water is internally treated to render
the scale-forming minerals harmless. What such treatment
does not do is reduce the total solids (dissolved and
suspended) in the boiler water.
Without blowdown, the non-scale-forming dissolved
solids in the water will concentrate to the degree that
their solubility is exceeded and they will precipitate
onto the heating surfaces. While these precipitate solids
are a lot less dense and less adherent than scaling
minerals, they are introduced into the boiler in much
greater quantity. Sea water is the major contaminant of
boiler feed water and the dissolved solids will enter the
boiler in the same ratio as the salts in seawater.
Typically, the substances which can cause scale are only
about 1/20 th by weight of the total dissolved solids
entering the boiler.
Without blowdown, suspended solids will increase
"also, until they exceed the capability of the water to
carry them in suspension. These solids will then
contribute to "sludge" and to accelerated boiler
corrosion.
The source of suspended solids are:
a) Products from the reaction between scale-forming
substances and treatment chemicals,
b) Excessive cycles of concentration, causing non­
scale-forming dissolved solids to be forced out of
solution,
\/c Corrosion products (metal oxide) generated within
the boiler or in the steam and condensate
sections, and
d) Process "dirt" and oils picked up in the steam and
condensate sections.
Although the chloride test is frequently used as a
way of determining when blowdown is needed, it should not
be the only guide. The chloride content of the boiler
water is closely related to the total solid content of the
water, insofar as the solids are derived from sea water.
But the chloride test gives no indication of solid matter
that is derived from the use of water treatment chemicals
or from other sources. The electrical conductivity of the
boiler water gives a more accurate picture of the total
dissolved solids content.
4-6 Feed water testing
In general feed water tests are similar to those of
boiler water tests. Some times there is a slight
difference. But here again it is necessary to refer to the
designer’s manual.
As mentioned earlier in the chapter, feed water and
boiler water can never be in totality free of contami­
nation. Even when all precautions are taken to prevent
the entrance of contaminating substances, it is ‘still
possible to find some traces of impurities. By its very
nature, sea water distillate contains some contaminants
derived from sea water; and still other contaminants are
bound to enter the system at various points. However,
only an extremely’ small amount of contamination can be
tolerated in feed water. Practically‘ all contaminants
present in feed water must eventually find their way to
the boilers. It is essential, therefore, to maintain the
feed water at the highest possible level of purity and as
free as possible of dissolved oxygen. Feed water must be
tested routinely for chloride, hardness, and dissolved
oxygen. Alkalinity, pH, and phosphate tests must be made
on each lot of shore water that is to be used as emergency
feed.
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CHAPTER 5: COOLING SEA WATER TREATMENT
In marine diesel engines, sea water can be used as a
coolant. There are basically two types of cooling systems
using sea water as coolant. One is the open system in
which sea water is in direct contact with the engine. It
is not often found aboard diesel engined vessels anymore
because of problems associated with it. The maximumoutlet
temperature is limited to about 55°C since, if ‘the
temperature exceeds that, salt will precipitate on ‘the
engine block. Furthermore, cold sea water can create
thermal stresses within the engine.
To overcome the disadvantages of the open system, a
closed cooling system, using fresh water, was developed.
The fresh water is circulated through ‘the engine by’ a
pump. After passing through the engine it enters the heat
exchanger where 30 to 35 Z of the heat from the engine is
transferred to the sea water. The sea water in this case
plays the role of a first coolant.
Sea water cooling systems were very popular some
years ago but today they are found only with installations
of comparatively low horsepower in small craft. Sea water
is not a suitable mediumfor the cooling of jackets and
pistons of modern highly developed engines as it contains
corrosive elements, sediment and other matter likely to
cause damageeither by corrosion or deposition.
5-1 Heat exchangers
The type of heat exchanger most used in marine work
is of tubular form, as shown in Figure 5-1. The principles
of construction and operation are the same for the two
applications of cooling jacket water and cooling
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Figure 5-1: Heatexchanger
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lubricating oil. A stack of thin walled tubes is supported
by spacer plates within a cylindrical casing: The ends of
the tubes communicate with header boxes, the secondary
fluid (sea water) enters by one of these and leaves by the
other after flowing through the tubes. The primary fluid
(fresh water or lubricating oil) flows through the
cylindrical casing over the outside of the tubes giving up
heat to the sea water in the process. The header boxes can
be removed and the tube stack withdrawn for cleaning.
The rate at which heat is transferred from the
primary to the secondary fluid depends upon the total
surface area of the tubes, their radial thickness, the
conductivity of the material, the heat transfer
coefficients from primary fluid to tube surface and from
tube surface to secondary fluid depending on the velocity
of the fluids for various paths and directions of flow,
and the logarithmic mean temperature difference between
the fluids.
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5-2 Action of sea water
The primary troubles that occur to heat exchangers
are corrosion, scale formation and marine fouling.
Corrosiveness and formation of scale
The high degree of corrosiveness of sea water is
governed by its oxygen content and its temperature. Cold
water pumped from great depths in the North Sea is for
example much less corrosive than hot water from the
surface in the tropics.
whencorrosion takes place, a process of passivation
is sometimes observed which slows down the actual
corrosion rate more than in the case of fresh water.
At a temperature of 60°C, sea water is also
scale-forming against limestone, or non-metallic materials
such as earth rocks; on the other hand, rapid corrosion
can be combined with scale formation where there is
contact with ferrous or non-ferrous «netallic materials.
The electrochemical corrosion processes increase in
strength with the difference between the metallic
materials.
Mg ions in sea water act as a moderating factor
capable of halving the strength of'the corrosion currents.
Protection against scale formation
Below 100°C, formation of scale is due exclusively to
calcium bicarbonates. Over 100°C, and above a certain
concentration, calcium sulfate is also precipitated.
The first problem can be solved:
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- by acidifying the sea water to bring downits Total
Alkalinity Number (TAN),
—by sequestering with polyphosphates; their action
is limited to temperatures below 70°C but at higher
temperatures they can be replaced by phosphonic
compounds which are stable above 130°C (taking the
maximumtemperature at certain hot spots).
The second problem can, however, only be dealt with:
- by partial elimination of the calcium.
Protection against corrosion
‘H Structural Measures
- Use of concrete pipes or steel pipes coated with
epoxy pitch, ebonite or bituminous products;
- Heads oi heat exchangers and distributors coated
with plastic material (rilsan,...);
|'\"\I'_\
- Tubular exchangers made of naval brass or 76.;;.a
brass, which is less affected by dezincing.
Titanium is more and more used for heat exchangers
(powerstations).
3 Continuing Measures
a) Cathodic protection:
- by means oi reactive anodes made of Mg or A1, which
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are sometimes used in sea water (which has low
resistivity). These anodes provide only minor,
limited protection.
- By applying an external electromagnetic force
(e.m.f.). This method can be used to protect bar
screens, straining drums and long pipe lengths.
b) Chemical methods:
- Protection of brass tube nests by injecting ferrous
sulfate which leads to the formation of passivating
film of ferrous hydroxide. This method is used on
ships’ condensers.
- By adding phosphate-zinc inhibitors to the feed
water for steel tube nests. This inhibition
provides sufficient protection.
c) Deaeration of dissolved oxygen:
- By vacuumdeaeration or gas stripping. This method
is designed for water injected into oil workings.
- By chemical reduction with catalyzed sodium
bisulphite.
5-3 Marine fouling
Another problem for both boiler and cooling water
systems that must be known is the fouling phenomena which
takes place in the sea water side and causes a lot of
damages to the ship machinery. The organisms concerned are
most abundant in in-shore waters especially in the
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neighborhood of ports and harbours where the water
contains a good supply of nutrients. On the high seas,
fouling species scarcely exist.
Before dealing with the problems created by the
fouling organisms and how to prevent the fouling process,
it would be better to explain their mechanism.
The mechanism of fouling
The rich flora and fauna of the sea unfortunately
include a number of species that can be a source of much
trouble and expense to the ship operator. There are the so
called "fouling" organisms, consisting mainly of those
species of marine animals and plants which, by their
ability to attach themselves and grow on a solid
substrate, can markedly reduce a ship’s performance and
efficiency by settling in sea water circulating systems
and on under water plating and fittings. To resist this
ever-present threat, measures to combat fouling must form
an essential part of ship maintenance. Before discussing
the measures, however, it may help towards a better
appreciation of the problem to describe briefly the
mechanism of fouling and some of the fouling organisms
most frequently encountered.
Fouling by animal organisms starts with microscopic
free-swimming larval forms and by plants (i.e.sea weed)
with microscopic spores floating in the water. In order to
survive, these must become attached to a surface during a
period which varies with the organism and the environment
from a few minutes to several weeks. Attachment may be
helped, certainly on a non-toxic surface, by a layer of
slime composed of marine bacteria and diatoms (minutes
plan cells) _in which the larvae and spores become
entangled. Many animals attach themselves by means of a
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cementing organ. when attachment is completed, a
metamorphosis takes place and the adult form of the
organism emerges. Cement continue to be produced as the
animal grows, so enlarging the area in contact with the
substrate and making it increasingly' difficult for the
animal to be detached. Commonfouling organisms that
develop in this way are barnacles, calcareous tube worms,
polyzoa and sea squirts. Barnacles are the predominant
fouling organisms found in many waters. The commonform
known as "acorn" barnacles, has a conical shell with an
opening at the top, the base being firmly adherent to the
substrate. Barnacles growing in temperate waters usually
achieve a diameter of about 5 mm, but in tropical waters
forms that are well over 30 mm in diameter are not
uncommon.A rarer variety is the stalked or "Goose"
barnacle, attached by a stalk up to 100 mm long.
Calcareous tube worms consist of hard chalky thin tubes
ranging in length from a few millimeters to upwards of
100 mm. They are frequently found in patches which are
commonly, but incorrectly, called "coral patches".
Polyzoa forms either a plant-like structure or flat
calcified patches with a honeycombstructure, the latter
form offering a good substrate for the settlement of other
organisms.
Sea squirts are suspended from the substrate by a
cementing mechanism, but are soft bodied animals, more or
less oval in shape, with a translucent covering filled
with sea water. All these organisms are source of problems
which in some cases can be solved by mechanical. or
chemical processes.
The fouling problems in sea water systems
Once in the circulating system, the larvae may find
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an environment very much to their liking. Flowing water,
provided it is not to fast or turbulent, is ideal in
providing a continuous supply of food and oxygen. Soon
after the organisms have settled, they start to attach
themselves firmly to the surface and the longer they
remain, the firmer they become attached, so that their
removal becomeincreasingly difficult.
Operational and design factors influence the tendency
of the organisms to settle and develop. Thus, settlement
cannot occur if the water speed exceeds about 0.9 to
1.2 m/s. Although speeds lower than these should be
avoided in order to prevent mud and debris settling.
Because the consequent of this settling is risk of deposit
attack (a form of corrosion caused by an electrolytic cell
being set up by areas of the surface receiving different
amounts of oxygen).
Antifouling measures are, therefore, mainly required
during periods of non-circulation or for those parts of
the system where circulation is sluggish or non-existent.
The material of the substrate also has an influence.
Since copper ions are toxic to fouling organisms, copper
alloys that corrode uniformly and release copper ions have
a deterrent effect, even though the corrosion may not be
significant as regards loss of metal. The toxicity of such
surfaces may be enhanced by metabolic products of the
organisms dissolving copper so that, even if the
settlement occurs for a time, the organisms may be
weakened or killed, and finely swept away ir1 the nuater
stream. However, toxicity diminishes if the alloys
develop a protective scale and, of course, if they are
cathodically protected.
The effect of fouling
If the organisms are allowed to develop they’ can
cause trouble in several ways, one of the most serious
being the reduction in the effective bore of piping,
resulting in restricted supplies of water for cooling and
fire-fighting. Other problems including interference with
the closure of valves, impingement attack resulting from
growths acting as turbulence raisers, loss of heat
transfer and, with some alloys, consequential "hot spot"
corrosion due to local overheating, and deposits attack.
The bacterial and diatomaceous slime can also have a
deleterious effect, by aiding the settlement of the
macroscopic organisms and by promoting the formation of
scale in condenser and heat exchanger tubes.
Dead seaweed, in the form of detached strands and
fragments floating in the water, sometimes torn from the
sea bed in shallow waters by powerful suction pumps can
also be troublesome. Thus, weed grids, which are, of
course, purposely designed to reduce the amount of weed
and other debris entering the system, can become so choked
that frequent cleaning may be needed to avoid the water
flow from becoming restricted. Even if this degree of
fouling does not occur, strands of weed trapped in the
grid can flutter in the water stream and, by a sawing
action, can erode the metal. Frequent inspection of the
grid is, therefore, advisable since deterioration can
proceed to the points where pieces of metal become
detached, with the possibility of causing damage to the
main circulator. Damageto the grids may be enhanced by
deposit attack which can be especially severe under
stagnant conditions by the decomposition products of weed,
dead fish and other organic debris. Strands of weed which
manageto pass through the grids can cause similar trouble
by straddling the inlet ends of condenser and heat
exchanger tubes.
Although well established organisms are fairly easily
killed by nmasures described later, this does not solve
the problem completely. Most of the fouling will still
remain in situ. Dead barnacles and mussels are no less
objectionable than live ones and, in fact, may be worse
because of corrosion caused by the products of their
decomposition. If, on the other hand, some of the shells
become detached, they can obstruct valves, and condenser
and heat exchanger tubes. Mechanical removal of dead
fouling should, therefore, always be carried out.
Acid cleaning of condenser and heat exchanger tubes
may be necessary to remove the scale which is partly
composed of bacterial and diatomaceous slime. This is
effected with dilute acid (usually hydrochloric or
phosphoric), containing inhibitors to prevent attack of
the tubes. It is generally advisable to leave this to
specialist firms, unless ship or shipyard staff are
experienced in this operation, because of the hazards
involved and the precautions necessary in manipulating
large quantities of acid.
Prevention of fouling
It will be clear, from what has been stated, that
antifouling measures must be aimed at killing the
organisms in the larval stage or very soon after
settlement, when they can be swept away by the water
stream. Possible measures consist of poisoning, lowering
the salinity of the water, and raising the temperature of
the water. Of these, poisoning by chlorine is the most
effective since, apart from other considerations, it can
be carried out either continuously or intermittently as
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circumstances demand, whereas this is not the case with
the other methods. Whatever scheme is adopted, it is
important to ensure that the whole of the system receives
the treatment, including branches in which there is not a
continuous flow.
Chlorination is conveniently carried out by meansof
electro-chlorinators, fitted as near as possible to the
intakes, whereby a small proportion of the incoming water
is electrolysed. The chlorine is discharged at the anode
which must be made of a material that is not attacked by
chlorine, otherwise the gas would combine with the anode
instead of dissolving in the water.
Platinized titanium anodes are fitted in some
electro—ch1orinators.
If the situation demands, the chlorinator can be
run continuously; a concentration of chlorine of 0.5 parts
per million (ppm) has proven very satisfactory in
practice, although someauthorities state that 0.25 ppmis
sufficient, whilst other recommend1.0 ppm. Alternatively,
intermittent chlorination for 1 to 2 hours per day can be
given at somewhat higher concentration. Whilst
intermittent treatment is satisfactory for killing
organisms in the early stages of settlement, it is of
limited effectiveness if fouling has been allowed to
become established, since barnacles and mussels are able
to close their shells in a hostile environment for as long
as 72 hours without coming to any harm.
Chlorination can also be carried out by injecting a
solution of sodium hypochlorite (NaDCl) or slurry of
chloride of lime (bleaching powder-Ca(DCl)g into the water
stream. The treatment has to be intermittent to reduce the
amount of chemical needed, the recommended dosage being 1
ppm chlorine for 1 hour each day. This means, for example
that in a vessel with a total flow rate of 100 m3/min for
all the sea water system under normal operating
conditions, 6.0 Kg of chlorine would be needed per day.
This would be provided by about 12.4 Kg of either sodium
hypochlorite or bleaching powder. Comparedwith electro­
lysis, the method suffers from the disadvantage of having
to carry another chemical on board, which not only
occupies space but which needs great care in handling and
stowage, as both chemicals are very corrosive except in
extreme dilution.
Whetherchlorination is carried out by electrolysis
or chemical injection, the recommendeddosages should not
be greatly exceeded, as this maycause corrosion.
An alternative method of poisoning consists of
releasing copper ions into the water stream by means of
impressed current cells fitted with copper anodes. The
current is adjusted to give a concentration of copper of
10 ppm, the frequency of treatment depending on the amount
of fouling encountered.
Reducing the salinity of the water and raising the
temperature are methods that can only be applied
periodically, but the frequency of treatment can be varied
to suit the conditions of operation and the amount of
fouling encountered, which will be largely influenced by
the location of the ship and the time of year. The period
between treatments, however, should ideally be such that
any fouling present in the system is sufficiently immature
as to be washed away by the water flow after being killed.
The low-salinity method depends on the fact that most
fouling organisms are killed by a period of immersion in
fresh water or even in water of only 30 Z salinity (i.e.
about 10 parts total solids per 1000). The most
practicable way of carrying out the method is to replace
the sea water in the system by shore water for a period
lasting about 12 hours. The frequency of treatment will
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depend on circumstances, as mentioned above, but every 10
to 14 days is advisable if fouling is being encountered.
Raising the temperature of the water, if practicable,
is a very effective antifouling measure; a temperature of
50°C will kill practically all marine organisms in a very
short time. The method is not, however, easy to adopt in
ships unless it is possible to reverse the direction of
water flow for a few minutes at intervals similar to those
described for the low salinity method.
To summarize, it is important to know that the
fouling phenomena is a major cause of corrosion under
deposits and of loss of heat exchange capacity.
There are three possible sources:
- organic mucus of bacteria and algae;
- fixing of soft organisms such as ascidia, sea
EH'IEf|'|DFlES_:
- incrustation by colonies of hard organisms such as
crustaceans, mussels, oysters and barnacles which
are difficult to destroy and cause perforating
corrosion under deposits through differential
oxygen concentration.
It is mucheasier to control the spread of algae than
of crustaceans.
For algae, intermittent chlorination is recommended
at the rate of 3 to B grammes of C12 per m3 of sea water,
once to four times a day; the aimris a free chloride
content of 1 g/m3 for 10 to 15 minutes at the outlet from
the system.
Chlorine distribution must be very carefully
controlled at pump intakes. The regulations for storing
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chlorine are so strict that efforts are nowbeing madeto
replace it by direct electrolysis of sea water.
For crustaceans, continuous addition of 0.5 to 1 g/m3
of chlorine for five consecutive weeks in spring and
autumn is recommended; continuous chlorination is
recommended when the water temperature exceeds 20°C.
5-4 Damagedue to flow velocity
This is an extremely important but complex factor
which involves physical, mechanical and electrochemical
phenomena. Three types of damage can be caused in this
way:
X by cavitation: this results from the existence of
local levels of hydrostatic pressure, above and
below the vapor tension of the water, which cause
vapor bubbles to be released and then destroyed by
implosion at very high pressures, resulting in
uneven hollowing out of the solid metal.
X by erosion-abrasion: caused by the kinetic energy
of particles of grit and other matter in water,
which cause continuous destruction of the
protective layer by regular, uniform abrasion of
the solid metal. The mechanism is simultaneously
mechanical and electrochemical.
l by erosion-corrosion: due exclusively to
interference with the formation of the continuous
film as oxygen is diffused at a rate depending on
the water flow rate. The mechanismis exclusively
electrochemical: in the absence of oxygen, the
protective film of ferrous hydroxide, governed by
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saturation of the boundary layer with Feg, cannot
form at high flow rates; in the presence of oxygen,
the phenomenon is more complex because of_the rate
of oxygen diffusion and the possibility that a
protective film of ferric oxide can form. As the
rate of flow increases, a zone of acid corrosion is
observed, followed by increased passivation and
finally, no formation of any protective film.
Chapter 6: MAIN AND AUXILIARY ENGINES COOLING FRESH
WATER TREATMENT.
Water treatment is recognized as an essential
safeguard for expensive modern marine machinery. It
consists of adding chemicals termed inhibitors to the
cooling water N1 closed systems udth the objective of
preventing both corrosion and scale formation. Most
inhibitors work by stifling the electro-chemical actions
by providing conditions in which the corrosion products
become insoluble in the water. These corrosion products
then tend to form a protective film on the metal.
Inhibitors are also classed as "safe" or "dangerous".
Safe inhibitors reduce total corrosion without any
tendency to increase attack on Lmprotected areas.
Dangerous inhibitors, if used in insufficient
concentration, may leave small areas unprotected and
promote intensified rates of attack at these points.
Commercially available inhibitors intended for use in
diesel engine cooling systems often have several consti­
tuents as a mixture of two inhibitors operating by
different processes. They often produce a better result
than either on its own. They are chosen to protect the
wide variety of metals of which most systems are composed,
which includes cast iron, steel, copper, brass and solder:
without attacking the rubbers and non-metallic materials
used for joints and seals. As an alternative to chemical
additives, soluble oils are used, preventing corrosion by
their propensity to form a protective film over the
internal surfaces of the cooling system. If used in excess
of the proper concentration, there is a danger of too
thick an oil film being deposited with consequent
interference with the heat transfer. Certain blends of
tannins have also been used with success in diesel engine
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cooling systems; they also act by forming a protective
film.
The water selected for use in a closed system should
preferably be distilled or de-ionised before the
inhibitors are added. At the very least water having a low
hardness should be chosen. It is also of obvious import­
ance to determine accurately the capacity of the cooling
system so that the correct strength of solution is used.
when fresh water generators are used on board a ship
the treatment of fresh water cooling systems of all
engines must be non—toxic.
6-1: The need for cooling
The high temperatures of the working cycle would
quickly heat up the metal forming the cylinder, cylinder
covers and pistons if steps were-not taken to prevent this
happening. It is necessary to keep the piston rings at a
temperature sufficiently low for the lubricating oil
surrounding them to survive and mechanisms such as fuel
valves, exhaust valves and starting air valves must be
kept at temperatures at which they will work
satisfactorily and remain lubricated. Also the metal of
parts forming the combustion spaces must be kept at a
temperature low enough to avoid losing mechanical
strength.
The necessary control of temperature is carried out
by surrounding the cylinders with a jacket and by
providing cylinder covers and pistons with passages
through with cooling fluids may passed. The coolant is
fresh water in the case of the cylinder jackets and
covers. Pistons are cooled by fresh water in some designs
and by lubricating oil in others.
The heat picked up by this cooling fluids is
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transferred to sea water in heat exchangers and thus
rejected tci the sea water. The cooling fluids becoming
cooled and ready to circulate the jacket spaces again.
Sea water can not be used directly in the cooling spaces
of modern engines as it is both corrosive and liable to
leave deposits.
6-2 The importance of cooling water treatment in marine
diesel engines
Water, because of its physical and chemical
characteristics, is by far, the "heat exchange mediumby
choice" practical in all instances. It is relatively
cheap, easy to handle, extremely efficient in heat
transfer and universally available in one form or another.
However, it has some disadvantages in its use as a
coolant. Water is a good solvent but when it is lJSEd
under particular conditions, its solvency creates some
distressing problems in operating equipments. It is the
main source of many types of corrosion or metal loss, an
electrical conductor in electrolytic attack and can be the
cause of deposit and scale buildup. In diesel engine
cooling systems, it encourages the destruction of metal to
progress where high frequency vibration or cavitation
characteristics are developed. Qowadays, only a small
number of diesel engines are cooled with untreated sea or
fresh water in a single "once-through" cooling pattern. In
practically all instances, the vessel engine systems are
equipped with dual cooling circuits, the primary circuit,
"once through" and the secondary system "a closed loop"
for engine cooling. In these systems, the sea water is
utilized as primary coolant and distilled, fresh or shore
water the secondary coolant. Both primary and secondary
coolant systems need an efficient treatment.
The main problems related to cooling fresh water
systems are corrosion development and scale
formation. Therefore in this paper I will talk more about
corrosion and scale. Of course, cavitation corrosion,
erosion and other problems related to cooling water are
not to be neglected. The purpose of ‘the tzooling fresh
water treatment is to minimize corrosion installation and
deposition of substances within the water system that can
lead to engines damages. ‘
6-3 Effects of Corrosion on cooling water systems
The corrosion process has been already developed in
chapter 4. Here again I will talk briefly about it before
dealing with the effects of the corrosion on system metal
surfaces.
Corrosion takes many forms depending on the nature of
the metal and the environmental conditions but also on a
combination of factors.
To understand the role played by the nature of the
metal in the corrosion process, Figure 6-1, shows ‘the
"galvanic or electromotive series of metals". The metals
closer to the ”anodic" end of the list corrode in
preference to the metals which are toward the "cathodic"
end.
A typical corrosion due to environmental conditions
is metal attack which occurs between the high and low
temperature section of a cooling water system and the
cavitation phenomenawhich results in metal surface
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Figure 6-1: Abreviated Galvanic Series of
Metals and Alloys
Shows the "Galvanic or Electromotlve Series oi Metals"
The Metals Closer to the “Anodlc" End of the List Corrode ln Preierence
to the Metals Which Are Toward the “Cathodlc" End
ABBREVIATED GALVANIC SERIES
OF METALS AND ALLOYS
Cathode (Protected End)
IncreasingResistance
34-——DecreasingR sistanceA
Gold and Platinum
Titanium
Silver
Silver Soiders
Chromium-Nickel-iron (Passive)
Chromium-Iron (Passive)
Stainless Steel 18-8 (Passive)
' Copper
Monei
70/30 Cupro-Nickel
67/33 Nickel-Copper
Hydrogen
Lead
Tin
2:1 Tin-Lead Solder
Bronzes
Brasses
Nickel
Stainless Steel 1B-8 (Active)
Stainless Steel 18-8-3
Chromium-iron (Active)
Chromium-Nickel-Iron (Active)
Cadmium
iron
Steel
Cast iron
Chromium
Zinc
Aluminum
Aluminum Alloys
Magnesium
ode (Corroded End)
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pitting. A combination of factors such as high acidity or
alkaline conditions, attack from gases such as oxygen and
electrolytic attack where electrons pass from one metal
surface to another using the water as a conductor can
considerably damagethe metal configuration.
6-4 Scale and deposits formation
As far as deposit formation is concern, the
temperature and the flow conditions play an important
role. Dissolved solids, especially calcium and magnesium
hardness constituents, can precipitate from cooling water
as its temperature increases. The sulfates or carbonates
which result in this precipitation can accumulate on the
metal surface and reduce the heat transfer and the flow
pattern. The solubility of sulfate ions increases as the
temperature increases. Around 3$°C the solubility starts
to decrease rapidly. This change in solubility leads to
precipitation of calcium sulfate as gypsumscale on heat
transfer surfaces.
Scale is an excellent insulator and heat transfer
barrier. Other solid particles such as oil or metal oxides
contained in the cooling water can precipitate and lead to
the same result. The heat transfer process is retarded and
sometimes failure of equipment occurs.
Technical report from SULZER
This graphic, produced by SULZER,one of the major
diesel engine manufacturers, illustrates the percentage of
reported cracked cylinder covers based on utilization of
cooling water treatment.
- 60% of the cracked cylinder heads are caused by
formation of scale in engine cooling system without
water treatment.
- 30%of cracked cylinder heads come from water
treatment without proper controls, and
10%of cracked cylinder heads come from correct
water treatment.y .¢
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6-5 Cooling water treatment
The treatment of cooling fresh water consists of
testing and adding chemical according to the results of
the tests. Like the boiler water, the testing process
depends on the chemical designer and the equipment
provided to the shipboard personnel for the different
tests. It also depends on the type of engine and
sometimes, the capacity of the water tanks.
The purpose of the tests is to detect as earlier as
possible the presence of any particle or suspended matter
before it deposits on the tube surfaces. The results of
the tests show the amounts or the concentration of foreign
matter in the cooling water if there is any. The test
result is very important. Because it leads the operator to
take the correct action. The tests, therefore, must be
made with accuracy.
The chemical treatment, as I said before, is based on
the tests results and his goals are:
- to prevent substances contained in the cooling
water to deposit, and
- to minimize the effects of those which are already
in place on the tubes surfaces.
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Chapter 7: CONCLUSION AND RECOMMENDATIONSFOR
THE ESTABLISHMENT OF A WATER TREATMENT
LABORATORY IN THE REGIONAL ACADEMY OF
MARITIME SCIENCE AND TECHNOLOGY,
ABIDJAN IN COTE D’IVOIRE
On the basis of all that has been said about the
water treatment , I would like to recommend a water
treatment laboratory in the maritime Academyof Abidjan.
I think that it is time for developing countries to try to
solve some of their problems themselves. a lot of
researches have been made since the beginning of
navigation up to now, in the engineer field. The main
reasons which led these researches were: the improvement
of engines overall efficiency in order to meet the desired
speed requirement, the reduction of the running costs and
the increasing of the engine life time .
Nowadays, with the introduction of the computer in
the marine industry, navigation become more and more
easier. Many systems are automatically monitored either
in the engine room or on the deck. Some ships are equipped
with automatic water treatment systems.
In our ‘countries we are not yet at this stage. I
think that the main advice would be to go step by step and
train our students to give them possibilities to operate
in such ships. Therefore the main objective of this
chapter is to draw the attention of the Administration of
the regional maritime Academy of Abidjan on the
establishment of a water treatment laboratory in this
institution.
7-1 Historical background
Cote d’Ivoire has been a maritime country since the
15th century. The coast of this country was already known
by navigators who carried out commercial exchanges with
the population of this country. Thus, as the trade become
more and more important, some wharfs were constructed:
- the first wharf of Grand Bassam in 1897,
- the 2nd wharf of Grand Bassam in 1923,
- the wharf of Fort Bouet in 1931, and
- the wharf of Sassandra in 1951.
The country completely engaged itself in the maritime
industry in 1950, when the canal of Vridi was opened to
the sea. At this time, the government of Cote d’Ivoire
decided to set up a certain number of priorities. This
governmental decision, in 1957, led to the establishment
of a maritime training center under the auspices of the
Maritime and Lagoon Fisheries Service.
On 31 July, 1970 under convention Nr. 12/LE/FUNDS
/CA/70 signed by the governments of the Republic of Cote
d’Ivoire, the Republic of Togo, and the People’s Republic
of Benin, the maritime training center was regionalized
and became "Centre Regional de l’Enseignement et de
l’Apprentissage Maritime" (CREAM).
To meet the demand for training foreign-going
officers and senior engineer officers, the "Ecole
Superieure de Navigation" (ESN) was established within
"CREAM" in 1974.
But as ships were more and more equipped with
sophisticated facilities, it appeared that the existing
training facilities were becoming inadequate for the
increasing needs of qualified shipboard staff. Therefore,
the government of Cote d’Ivoire issued Act Nr. 75 941 on
26 December 1975, establishing the Regional Academy of
Maritime Science and Technology (RAMST)in Abidjan.
In 1976, the Ministerial Conference of west and
central African countries on Maritime Transport
(MINCDNMAR)decided through its resolution Nr 5, to
regionalize the Academyof Maritime Science and Technology
in Abidjan.
The main objective which basically led these
countries ‘to adopt this decision was to provide through
regional cooperation adequate facilities and harmonized
training in accordance with international standards.
Accordingly, pursuant to the MINCONMAR(1) Resolution
mentioned above, the government of Cote d’Ivoire decided
to construct modernfacilities on a newsite.
In 1977, the United Nation Development Programme
(UNDP)requested the International Maritime Organization
(IMO)to carryout technical assistance for the project
with the collaboration of the United Nations Conference on
Trade and Development (UNCTAD).
The financing for the construction of the first,
second, and third phase were assured by the government of
Cote d’Ivoire. The operation of the Academy and the
maintenance costs are currently financed by the Ivorian
government. The Academy is administered by an Ivorian
General Director.
It is important to mention that some organizations
and countries have contributed to provide some equipment
andfacilities:
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- the government of Japan,
- the United Nation Development Programme (UNDP),
- le Fond Economique de Developement (FED),
- the Republic of Korea,
- the Norwegian government, and
—France.
7-2 Anoverview of the facilities provided to the
Maritime Academyof Abidjan
The equipment and facilities provided to the Regional
Academyof Maritime Science and technology of Abidjan are
the following:
- a training ship the " M/S BDLFEDE GUINEE"with
228 tones of Dwt, fully equipped for navigation and
fishing. The GOLFEDE GUINEEcomes in addition to
the previous training ship called "ALIDADE"given
to the CREAMin 1975 after a financing convention
signed between the Fond d’Aide et de Cooperation
(FAC) and the Conseil de 1’Entente.
—a radar simulator,
- engine room simulator,
- a planetarium,
- an engine room workshop,
- launches and life boat area
- cargo handling area,
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- fire fighting section,
- maintenance area,
The Laboratory building includes:
- electrical engineering,
—electronics,
—automation,
- computer science,
—navigation bridge,
- radio station and
- English language.
The cost of all these facilities can be estimated to
be 7 milliards CFAthat is about $24,000,000.
7-3 Needfor a water treatment laboratory
By writing this chapter myintention is not to change
any existing facility or training structure, but to
suggest something else which, I am sure, would be
helpful for the training of high level engineers as well
as cadets which deal with water operation on board.
The damages due to non-existent or improper water
treatment become more and more evident. Statistics show
that excessive engine temperatures, leading to most of the
diesel engine liner crackings or boiler explosions are due
to problems related to water systems. Therefore I think it
will be beneficial for our national fleet or private
shipping companies to be provided with engineers which
have a good knowledge of shipboard water producing and
treating.
From this laboratory students will acquire basic
knowledge on water testing and chemical treatment. They
will also learn howto exploit the result of water testing
and how to establish from this result the periodicity of
chemical addition or boiler blowdown.
Water treatment on board is a task which require a
lot of skills and knowledge. The use of chemicals requires
also a lot of safety precautions. These precautions vary
from one chemical to another depending to the
concentration of the chemical and its degree of toxicity.
A water treatment operator must_ be aware of the actual
danger represented by chemicals.
A superficial knowledge or a knowledge based on
routine duty will not be enough to operate the water
systems on board with effectiveness.
It has been commonlysaid that water is "source of
life", but this same water is also "source of problems"
in practically all uses. Therefore the water supply on
board or distillated from sea water to be used as drinking
water must be free of dangerous micro-organisms to prevent
the crew from diseases such as typhoid, cholera and
dysentery. If this drinking water requires any particular
chemical to improve its qualities, the water operator must
know what kind of chemical is suitable for treating this
water and what are the limits at which the same chemical
can became toxic for the crew.
The problems related to boiler water and cooling
water are multiple. The most frequent of them are:
- corrosion of the metal due to oxygen content and
also to the alkalinity of the water,
- scale formation, due to deposits of solid matters,
oil or sludge that can adhere to the surface of
the tubes and reduce the heat exchange rate.
- marine fouling which take place on the sea water
side of heat exchangers and causes a lot- of
damages.
A good water operator must know, after the water
test, what are the steps to take in order to avoid damage
on the ship machinery. He must have got this basic
knowledge from a training center. Therefore, I would like
to recommend the establishment of a water treatment
laboratory in the Maritime Academyof Abidjan.
I am aware of the economical crises which affect our
developingcountries; therefore, as a first step, there is
no need to construct a new building and establish a
sophisticated water treatment department which would cost
a tremendous amount of money. One existing room can be
arranged and equipped with a very modest water treatment
cabinet within some apparatus and reagents for water
testing and small store of chemicals.
7-4 Water treatment cabinet
The minimum equipment needed for training purpose
will depend on the tests which will be performed. The
following examples are the equipment used by Drew Ameroid
Marine to makesomerelevant tests either for boiler water
or cooling fresh water treatment. Figure 7-1 shows a water
treatment laboratory with Automatic burettes.
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Laboratory analysis cabinet with automatic burettes.
Fi gure 7-1
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Boiler water testing equipment
The boiler water tests which are commonlyperformed
are chloride test, hardness test, alkalinity tests, pH
tests, and phosphate tests for the dissolved solid content
But for the training purpose I will suggest only a
few selected tests, according to the similarities between
the different types of boiler water tests and also to the
prices of the equipment needed for each test.
For example, instead of the chloride test which shows
only the concentration of the chloride ions in the water,
it would be better to perform the electrical conductivity
test since this is related to the total dissolved solid
content.
The phosphate content test can be used for both
phosphate content and hardness. Because when the
phosphate content of the boiler water is maintained within
the specified limits, the hardness of the water should be
zero.
Also , the pH is related to the alkalinity.
therefore, it will be better to be -furnished with the
equipment required to determine the pH value of the boiler
water.
The other tests which are not actually performed must
be introduced theoretically to the students in order to
give them the basic knowledge that can help them when they
will work on board ships which would be equipped with such
testing facilities.
Equipmentfor the electrical conductivity test
1- Apparatus
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Conductivity meter and electrode
X
X­
-K
Dual range, Model 1033.
allows use with 110 or 220 volt.)
(Voltage switch inside case
Black Band Cell
— (Part No.VS2 ­
(Earlier model has red band)
Electrode with black plastic shielded
probe) range: 20 to 10,000 micromhos, ¥or boiler water.
white Band Cell (Part
No.VS01-Electrode with white plastic shielded probe)
(Earlier model has green band)­
Range: 1 to 500 micromhos,-for condensate.
Thermometer,
Glass cylinder, 100 ml, Wide Mouth, marked at 50 ml
and 100 ml,
Stirring Rod, 150 mm,
Measuring Spoon, Brass, 0.2 mg,
30 ml
Phenolphthalein Indicator),
Bottle, (1 oz), Glass, with dropper (¥or
2- Reagents
Gallic Acid Powder and
Phenolphthalein Indicator or
Liquid neutralizing solution
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Equipmentfor the phosphate content test
1- Apparatus
- Phosphate Comparator Block, range 20 to 80 ppm,
- Funnel, Plastic,
- Filter Paper,
- Phosphate Mixing Test Tube, marked at 5 m1 and 17,5 ml,
with rubber stopper,
—Measuring Spoon, Brass, 0.2 mg,
- Bottle, 250 m1 (8 oz) Plastic Squeeze (for Molybdate
reagent).
2- Reagents
- Molybdate Reagent
- Stannous chloride Powder, Dry
Equipment for the pH test
A standard Litmus paper will be provided for pH value
measurement.
Cooling Fresh water testing equipment
Drew Ameroid Marine proposes a large range of
chemicals and different types of testing procedures.
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—MAXIGARDcooling water treatment to minimize
corrosion and prevent deposition of suspended
matters.
For mediumand slow speed diesel engines:
—DEwTNC cooling water treatment to minimize
corrosion.
—NCLdiesel engine cooling treatment to minimize
cooling corrosion and prevent deposition.
- LIQUIDENTcooling water treatment to minimize
corrosion and prevent deposition.
For Refrigerated brine system using calcium chloride
brines:
- DENTL corrosion inhibitor to minimize corrosion.
For training purposes the NCLtest can be performed
for diesel engine cooling water systems.
Equipment for the NCLtest
1- Apparatus
- Sample tubes (2)
- pipette, 0.5 & 1.0 m1
- Plastic Spoon (dipper), 2 gr
2- Reagents
- Acid Sulfate, 75 gr.
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- Acid Sulfate, 75 grm.
- Permanganate Reagent, 2 fl. oz
In addition to the NCLtest, the pH test (wide range)
can be performed. In this case, the equipment for pH tests
are as follow:
Measurement of pH
a) Electrical measurement:
The pH is neasured by means of a glass electrode/
reference electrode pair immersed in the liquid to be
analyzed; the potential difference of the resulting cell
depends on the pH of the .solution. The potential
difference is displayed on high input impedanceelectronic
millivolt meters graduated direct in pH units. These
instruments must be calibrated regularly with reference
solution.
b) Use of colored indicators:
The pH can be determined by‘colored indicators whose
color can be compared with that of a set of standard
colors of known pH values. There are also "Universal"
papers and indicators consisting of mixtures of indicators
whereby the pH can be measured with an accuracy of within
one pH unit.
1- Apparatus
- pH Test tube, marked at 10 and 11 ml.
- pHcolor indicator card
2- Reagent
-v
- wide range pH Indicator (range o - 11)
All these equipment, reagents and chemicals are those
advised by DREWAMERDIDMARINE. Although other designers
can introduce different types of equipment, the basic
principles of testing and chemical treating lead to the
sameresults.
For the size and the cost of the «water treatment
cabinet and other information we should refer tc) DREW
AMERDID MARINE DIVISION.
If this minimum equipment needed to start. a water
treatment laboratory is provided , it will be possible to
conduct the water treatment course either theoretically
or practically until the economicsituation becamebetter.
with the advance of technology, in developed
countries, the computer is more and more used in water
treatment. The use computers in water treatment avoids
humanerror and gives results with accuracy.
Some computer programmes have been developed by UK­
based Nafleet Marine Chemical to be used on board ships in
order to smooth the task: of shipboard staff and enable
them to take preventive action before problems arise.
This programmeis called the Trendcheck system.
It uses the same raw data as a log sheet but introduces
the concept of trend analysis and exploits statistical
process control to highlight areas which could» be
controlled more effectively. Boiler water tests results
are recorded electronically and advice given on conditions
requiring action. Specific instructions detail the action
required in terms of dosage or boiler blowdown.
Nevertheless, a member of the engine room staff is
normally assigned to test and subsequently dose the boiler
water system. Ideally, he should understand the theory of
corrosion and scaling, how to combat these phenomena and
howto reduce their detrimental effects.
7-5 A proposal for a water treatment curriculum
The water treatment programme as a part of the whole
training system of the Academy,will respect exactly the
same entrance requirements for marine engineers.
The Academyactually is composed of three departments:
- l’Ecole Superieure de Navigation (ESN), deals with
students which are generally recruited at the University
level. These student after four (4) school years will
get their certificate of captain for deck officers and
chef engineer certificate for engine roomofficers. It
is important also to know that they must already
accomplish 52 months on board merchant ships. During
this time they must work as cadets or watch keeping
officer to be able to start the last year of study.
- Ecole Superieure de Transports Maritimes (ESTM): these
students are also recruited at the university level.
After two years of study, they get a certificate in
maritime transport.
College d’Enseignement et d’apprentissage Maritime
(CEAM);the students in this college are generally
recruited at low level two or three years before the
U”iVEV5itY. they study for four years. After this time
they get a certificate which enable them to work on
board ships of small size as captains and chef
EnQinEEV5- ThEY must accomplish 52 months on board of
The students which are normally concerned by the
water treatment programme are those of (ESN) and (CEAM)
which are in the engineering field.
I would like the water treatment lecture to be
introduced in the training progammein the following way:
- the first two years will be only devoted to the
theoretical part of the water treatment. That include:
a) the chemical composition of the different types of
water,
b some physical properties of water which are necessary9
to study thermodynamicand understand later the results
of water tests.
- the last two years will be assigned to the practical
phase of the study. This stage will be very important.
The objective of this second phase is to teach the
students how to use the equipment and conduct the
differents types on tests. The students will be able to
understand and interpret correctly the different
results. The most important at this stage will be the
safety precautions. ‘
Most of the practical exercises will taken place in
the Academyusing our own facilities. Sometimes,
according to the schedule of the two national training
ships, some exercises will take place on board two or
three times a year. This kind of field training will give
opportunity to our students to be in contact with
profession.
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